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EXECUTIVE SUMMARY
roducti

The Granite City Lead Site includes areas in Granite City, Madison and Venice, Illinois, where
lead contamination has been associated with former secondary lead smeiting and lead-recycling
activities at the NL Industries/Taracorp Site. The Site includes lead-contaminated soils and waste
materials at the main industrial site as well as residential soils in areas adjacent to the industrial
property where soil contamination has been attributed to lead fallout from the smelter stack or
from battery case material used as fill material in alleys, driveways and other areas.

The Site was listed on the National Priorities List (NPL), 40 C.F.R. Part 300, on June 10, 1986.
NL Industries voluntarily entered into.an Agreement and Administrative Order by Consent with
the U.S. Environmental Protection Agency (USEPA) and the Illinois Environmental Protection
Agency (IEPA) in May 1985 to implement a Remedial Investigation and Feasibility Study

(RI/FS).

Different alternatives to remediation of the Site were addressed in the resulting Feasibility Study
and its Addendum. Subsequent to the Feasibility Study, the USEPA issued a Proposed Plan for
the Site in January of 1990 and a Record of Decision (ROD) on March 10, 1990.

In addition to remedial activities associated with the industrial property, the remedy selected in
the ROD called for excavation of all residential soils and battery case materials in Granite City,
Madison and Venice, Illinois, and any other nearby communities with lead concentrations greater
than 500 ppm. The selected remedy called for consolidating all of these excavated materials with
the slag pile on the main industrial property (Taracorp pile). The consolidated materials were
then to be capped.

This report summarizes and reviews the various cost estimates which have been prepared by
Government Agencies for remedial activities in the adjacent residential areas covered by the
ROD. The report also includes an independent cost estimate for the remedial activities in the
residential areas at the current ROD. The activities associated with remediation of the main
industrial property are outside the scope of this report.

Both the Government estimates and this independent estimate are presented on an average per
property basis as well as an overall basis. In order to facilitate comparisons to each other and
to experiences at similar sites which are also presented in the report, the costs for both the
Government and independent estimates are broken out to show those associated with stack-
emission contamination (stack-emission properties) versus those resulting from the use of battery
case material as fill (remote-fill properties). In the case of the stack-emission properties, the
excavated materials were treated as special waste for disposal pricing during the independent cost
estimate development. Because of the mixture of special and hazardous waste anticipated at the
remote-fill properties, however, disposal options were included in the independent cost estimate.
These options included disposal of the hazardous waste as such versus disposal of the hazardous
waste as special waste after stabilization.
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Summary of Findings

In REACT's review of the Government's estimates, several areas of concern were noted. These
included:

1)

2)

3)

The lack of consistency in the various estimates presented by the Government for
remedial efforts at the Site. Average costs for residential stack-emission properties
ranged from $13,900 per property to over $42,000 per property exclusive of inter-Agency
management fees which have been attached to work performed to-date. Further, the
various estimates peak at the $42,000 range, with later estimates (generated after some
of the sites had been remediated) going down to approximately an average of $33,000 per
property. This knowledge and experience base appears to be ignored, however, with the
latest estimate available from the Government rising back to the $42,000 range.

The lack of consistency in the number of properties included in the various Government
estimates. The number of stack emission properties discussed ranges from 1300 to 1532.
The number of remote-fill properties ranges from 16 to 105.

The lack of consistency of the Government estimates on the Granite City Site compared

* to their experience at other residential remedial sites across the country.

4).

)

The approach used in deciding whether a residential lot should be remediated which may
result in entire properties being remediated because of the presence of a small hot spot
rather than wide-spread stack emissions.

The wide variation/disparity between the total remedial cost estimates obtained by
extrapolating the Government's per property averages over the total number of properties
to be remediated versus those obtained during the independent analysis. These total
project estimates are summarized in the following table.

COST COMPARISON AT COMPLETION
GOVERNMENT-MANAGED VS PRP-MANAGED CLEANUP

Stack-Emission Remote-Fill
Source Properties Properties TOTAL*

Government Managed** $66,639,799 $15,745,663 $82,385,462

PRP-Managed** $21,374,984 $7,845,016 $29,220,000

+ These values do not include smelter site remediation, including the battery-casing pile.

** Assumes a clean-up level of S00 ppm. The estimate for a PRP-managed clean-up at 1,000
ppm is $15,008,576.

Details of the derivation of each of these estimates are contained in the following report.
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REVIEW OF GOVERNMENT REMEDIAL COST ESTIMATES
Introduction

The available information on the various Government estimates to complete the remedial efforts
for the stack emission and remote-fill areas which are a part of the Granite City Lead Site is
summarized in chronological order on Table 1. This table includes the estimates leading up to
issuance of the ROD--from the Preliminary Feasibility Report through the Proposed Plan for the
site and a revised estimate for the selected alternative--as well as two modifications to the ROD.
Each of these modifications were issued in the form of an Explanation of Significant Difference
(ESD). The first was issued on May 7, 1993, and the second on January 27, 1994. Both of
these ESDs called for materials to be disposed of off-site rather than consolidated with the slag
pile as called for in the 1990 ROD.

Also included in Table 1 are the March 1993 Pre-Design Field Investigation Report prepared by
Woodward Clyde Consultants (WCC) for the USEPA and a November 16, 1993 memo from
USEPA's Remedial Project Manager (RPM) declaring this Pre-Design document to be the
Remedial Design Document for this site, even though it did not contain any remedial cost
information. Although CERCLA does not mandate the inclusion of a cost estimate in the
remedial design document, it is customary to do so. This is supported by the RPM's statement
in the 1/21/90 "Revised Cost Estimate for Alternative H” (see Table 1) that "more detailed costs
will be presented in the remedial design document.”

Because the WCC Pre-Design report does not include cost estimates, this report relies on cost
information gleaned from a variety of government documents including USEPA memoranda,
United States Army Corps of Engineers (USACE) delivery orders for remedial efforts which
have been conducted at the site and the 1/21/94 USEPA Explanation of Significant Difference
(ESD) discussed above. All of these documents are summarized on Table 1.

As stated previously, in order to facilitate comparisons of the various Government estimates for
the Granite City Site to each other as well as to estimates for similar sites and the independent
cost estimate presented later in this document, per property remedial costs have been calculated
from the available information and presented along with the total project costs in the sections that
follow. Further, the cost estimate information is broken down into the two types of adjacent
residential area properties included in this review - stack emission properties and remote fill
(battery case) properties.

Stack Emission Properties

Cost Estimates: Table 2 presents the available Government per property and total project cost
estimate information for stack emission properties.

As Table 2 shows, the original Government estimate appeared in the "Proposed Plan for the
NL/Taracorp Site,” dated January 10, 1990. This estimate of $13,900,000 was based on an
escalation of the costs which appeared in O'Brien and Gere's "Preliminary Feasibility Report”
of August 25, 1989. The Agency's escalation was performed to account for their lowering of
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TABLE 1

SUMMARY OF GOVERNMENTAL REMEDIAL COST ESTIMATES
GRANITE CITY LEAD SITE

REPORT DATE COMMENTS
Preliminary Feasibility Report (O'Brien 8/25/89 Selected Alternative C: Remediation of "Areas” 2 and 3 to 3
& Gere for NL) inches.
Action level of 1000 ppm in residential areas.
Cost estimate: $6.4 million
Proposed Plan for the NL 1/10/90 Selected new Alternative H: Remediation of "Areas” 2 - 8 to 6
Industries/Taracorp Site inches.
Granite City, IL (USEPA) Residential action level of S00 ppm.
Cost estimate: $13.9 million (Cost arrived at by EPA by escalating
O'Brien & Gere's 1989 estimate)
Revised cost estimate for Alternative H 1/21/90 Corrected 1/10/90 errors.
(USEPA) Cost estimate: $21.3 million
1532 properties included.
Correlates to average of $13,900/lot.
Revised Final Scope of Work for Rapid 1/27/93 Attachment to Delivery Order 0058, Contract DACW45-90-D-0516
Response, NL Industries/Tara from USACE to OHM Corporation, allocating $3,200,350 for
Corporation (USACE) remediation of 17 properties designated as "remote fill" areas
‘ (Average of approximately $190,000/property)
Modifications to D.O. 0058 (USACE) 7/8/93- Added 23 remote fill areas at average of $130,000/property and
11/12/93 33 residential (special waste) lots at an average of $42,800/lot to
the scope of work, bringing total authorizations to OHM Corporation
to $7,735,440. (Exclusive of USACE mark-ups)
Explanation of Significant Differences 5/7/93 Modified the ROD to require that excavated battery case material
(USEPA) with lead concentrations greater than 500 ppm, which pass the TCLP
test be disposed of at an off-site landfill. No cost data included.
Pre-Design Field Investigation Report 3/93 Characterization data only. No costs included.

(WCC for USEPA)
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TABLE 1 (Continued)

REPORT DATE COMMENTS
Remedial Design for the NL 11/16/93 Memo issued by USEPA's Remedial Project Manager declaring the
Industries/Taracorp Site in Granite City, September 1993 Pre-Design Field Investigation Report (see above) to
Illinois (USEPA) be the Remedial Design Document for the site.
Preliminary Estimate of Additional Cost 12/93 Estimate of "initial” $2,100,000 additional cost to landfill residential
of Off-Site Landfilling of Excavated soils rather than consolidating them with Taracorp pile. Reflects
Residential Soil (USACOE) total project cost for remediation of 1300 stack emission properties
(See listing below).
Explanation of Significant Differences 1/27/94 Allows wastes from residential "stack emissions” to be disposed of
(USEPA) off-site as "special waste” rather than being consolidated with
Taracorp pile. Early version obtained from Granite City Library
contained revised cost estimate. Pertains to residential soils > 500
ppm only. No hazardous waste disposal included. Estimate based
on experience at site. 1300 properties included in estimate.
Cost estimate: $42,458,410 (or $32,660/lot)
Note: Includes USACE mark-ups.
Delivery Order No. 17, Contract No. 7/19/94 Allocates $3,008,547 for remediation of 70 residential sites. This

DACW-45-89-D-0506, USACE to OHM
Corporation

corresponds to an average of $42,979 per property.

Note: Does not include any USACE mark-ups for management
of contract as included in ESD estimate of 1/27/94
(above).

NOTE:

Remedial Project Manager, in verbal communication, reports that no estimate has been prepared for remediation of battery-

chip areas. Further, no estimate will be prepared until ROD is reopened and a decision is reached regarding remedial

activity for these areas.
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TABLE 2
SUMMARY OF GOVERNMENT COST ESTIMATES
STACK EMISSION PROPERTIES

Source of Estimate Average Cost Estimated Cost
per Property at Completion
Original $13,900/site’? - $21,300,000!2
D.O. 0058, Modification $42,800/site?? $60,604,800*
P0O000S (346,866 with USACE (366,362,256 w/ USACE
mark-ups) mark-ups)
USEPA ESD dated 1/94 $32,660/site’$ $42,458,410°¢
D.O. 0017 $42,979% $60,858,264*
(847,062 with USACE (366,639,799 w/ USACE
mark-ups) mark-ups)

Note: All values represent estimates.

6
7

From EPA's revised cost estimate for Alternative H dated 1/21/90. Per property value
obtained by dividing total of $21.3 million by number of properties included (1,532).
Does not include any USACE mark-ups for project administration.
From OHM Corporation contract with USACE (Contract No. DACW45-89-0-0516). Per
property value obtained by dividing total of $1,411, 384 by number of properties included
(33).
No value reported by Government for total project. Value obtained by multiplying per
property cost by the average number of properties included in Government estimates (1416).
From Explanation of Significant Differences (ESD) obtained from Granite City Library
repository. Cost per property value derived by dividing total of $42,458,410 by number of
properties included (1,300).
Includes USACE mark-ups on contract fees.

From OHM contract with USACE No. DACW-45-89-D-0506, Delivery Order No. 17.

NOTE: USACE mark-ups of approximately 9.5% over contractor's fees have been added to

remedial efforts conducted to-date.
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THE STUDY

Madison County Lead Exposure Study, Granite City, [llinois (hereafter referred to as
Study) is the report of a study of environmental lead exposure and blood lead concentrations
in children, youths, and adults in Granite City, [llinois, carried out by the Iilinois
Deparunent of Public Health (IDPH) in late 1991. The primary hypothesis tested was
whether lead in soil contributed significantly to blood lead levels in children less than 6 years
old. Parucipants were recruited from four residential areas comprising rough concentric
rings around a closed secondary lead smelter, the NL/Taracorp site. Preliminary morutoring
data had indicated that soil lead concentrations decreased with distance from the smelter.
The innermost area is a Superfund site. Because no suitable control residential area (e.g.,
similar housing stock and similar socioeconomic status of residents) could be identified, the
tour residential sampling areas served only to achieve a fairly representative range of soil
lead values. Measured soil lead vaiues, not sampling areas, were used in the statistical
analysis.

Blood lead concentrations and the content of lead in environmental samples of dust,
paint, soil, and drinking water were the key measured lead variables. Other variables, such
as indicators of socioeconomic status (SES), condition of the exterior of the house, and
condition of the interior paint were elicited by observation or by questionnaire.

Data analysis proceeded through a series of logical steps. Bivariate analyses were
applied initially to the data from groups of children with blood lead concentrations greater
than/equal to or less than 10 ug/dl and from groups of children living in regions with
composite soil lead levels greater than/equal to or less than 500 ppm. The purpose of the
bivariate analyses was to provide a simple first screening to eliminate variables not associated
with blood lead. This preliminary data evaluation was followed by multiple regression
analyses whose purposes were (1) to help identify variables that had utility in predicting
blood lead concentrations, (2) to identify by means of maximum regression coefficient (R?)
improvement analysis the subset of variables with the greatest predictive utility, and (3) by
means of hierarchical regression modeling, to evaluate the contribution of soil lead to blood
lead and house dust lead.

The preliminary bivariate data analysis nartowed the list of potential predictor
variables to lead in indoor paint, soil lead, dust lead and dust loading, distance from the
NL/Taracorp site, parents’ level of education, parents’ income, variables related to smoking,
number of hours spent outdoors by the child per day, number of baths taken per week, and
the categorical variables presence/absence of air conditioning, renting/owning, condition of
exterior of residence, and refinishing of the residence within the past year or of furniture
within the past three months.

Stepwise regression analysis was used to select and assign level of importance to the
critical predictors. The two primary predictors were found to be dust lead and distance from
the smelter site, the two together accounting for 21 % of the total variance in blood lead.
Other predictors were the parents’ level of education, number of cigarettes smoked per day,
rent/own home, refinishing activities, ethnicity. dust load, age. drinking water lead
concentration, distance, and number of hours of outdoor play per day. Together with dust
lead and distance from the smelter site. these variables accounted for 35% of the blood lead



variance.

Hierarchical regression focused specifically on the contribution of paint and soil lead
to blood lead, using a very small set of predictor variables so as not to overadjust by
confounding. Water lead level, house paint lead levels, recent refinishing activities, and
condition of the residence were the only potentially confounding variables introduced. House
dust was not included as a potential confounder, since it was a pathway for the two primary
lead sources, soil and paint. Soil lead alone was found to account for 3% of the variance in
blood lead, while the condition of the house and the amount of lead in paint together
accounted for about 11% of the variance in blood lead. Soil lead accounted for 6% of the
dust lead variance, while indoor and outdoor paint lead levels and the condition of the
residence together accounted for 26 % of the variance in dust lead.

The conclusion is that at this site, soil was less important as an ultimate lead source
than interior and exterior paint. Both soil lead and paint lead were found to contribute to
dust lead, a pathway of exposure. Building condition was an important modifier of the
contribution of paint lead to dust lead. Paint lead levels and building condition together
accounted for about four times as much (26%) of the variance in dust lead as soil lead did
(6%).

THE CONMMENTS AND THE RESPONSE

Comments on Madison County Lead Exposure Study, Granite City, [llinois (hereafter
referred to0 as Comments) is a detailed analysis of the study report. In general, many of the
points raised are conventional, almost textbook recommendations for the conduct of
environmental studies; however, often they miss the mark. Sometimes they do not seem to
be connected with the section of Study being commented upon at all. The fundamental
problem is that the reviewers do not seem to recognize that the study design used here was
not the conventional environmental epidemiology study design with an exposed community
group and a control group. In addition, a number of the points they raise had already been
raised and discussed by the authors of the study report, suggesting that the reviewers did not
read the report in full.

[ have divided my comments on Comments in accordance with the structure adopted
in both Study and Comumerus. 1 also refer to Response to Comments of U.S. EPA Reviewers
Regarding the Granite City Lead Study Draft Report (hereafter referred 1o as Response).

1. IMPLEMENTATION OF STUDY DESIGN
1.1 Recruitment of Subjects

This section contains some general comments about avoidance of bias in recruiting.
The stated concern that the participation rate might have been lower in areas with higher

exposure and lower resident socioeconomic status is not supported by the observation that the
participation rate was about equal in three of the four areas. but lower in the area with the



lowest lead exposure — a point already made and discussed in Study.

1.2 Omission of Pontoon Beach Subjects

Nothing would have been gained by including the small group of Pontoon Beach
subjects, whose housing was entirely different from the housing in Granite City. A control
group was not needed for the statistical analysis used.

1.3 Resampling of Children with Elevated Blood Lead

The logic of the first paragraph is not clear. How does bias due to inclusion of
siblings follow from the “regression to the mean” problem? And what does the inclusion of
some sibling measurements have to do with the conclusion that was reached by the authors,
which was simply that counseling resulted in a drop in blood lead in those children whose
families were counseled? Those drops were almost 50%. Conunents notes that in other
studies, children tested in winter have had lower blood lead concentrations, typically by
about 30%, than children who were tested at the summertime peak, and suggests that this
phenomenon invalidates the observation that counseling was followed by reductions in blood
lead. In fact, Study discusses the seasonal fluctuation in blood lead concentrations in children
in some detail, and points out that the first blood samples were taken when the time of the
summer peak was already past.

The authors of Study made no claim that they were testing a hypothesis about the
effectiveness of counseling and education in reducing blood lead. It is unnecessary for the
reviewers to outline a study that could be used to test such 2 hypothesis, and irresponsible for
them to suggest that “...the resampled children in the Madison County study are used to
reach some very broad and general conclusions....”. The authors have not generalized from
the data from the resampled children. They have simply, and correctly, stated an
observation.

2. FIELD SAMPLING AND ANAILYSIS OF SAMPLES
2.1-2.3 I have no comments on these sections.
2.4 House Condition and Paint Condition

[ agree with the reviewers that clearer statements of the criteria for classification of
housing condition as good, fair, or poor would have been helpful. In addition, it is not
always immediately clear in Study whether exterior or interior paint condition, or both, are

included in a variable to be tested. These are minor points related to clarity of presentation,
unrelated to study design or conduct.

3.STATISTICAL ANALYSIS OF DATA

(V¥



3.1 Dependence on Age

[t is pointed out in Response that blood lead models were not adjusted for age, as the
reviewers mistakenly thought.

3.2 Inadequate Spatial Resolution of Demographics and Lead Exposure

The reviewers seem to have missed the point entirely here. They are still viewing the
study as one in which different groups are 1o be compared: groups that should be identical in
all respects except magnirude of lead exposure. They take issue with use of concentric
geographic rings to define subject groups, but in fact subject groups were not used in the
study. They remark that older housing may contain a disproportionate number of families
with more than one child less than 6 years old, when it was clearly stated in the report that
the study unit was the child, not the household, for most of the statistical analyses; and was
also shown that outcome was not affected by using either all children in each family, or only
the child with the highest or lowest blood lead concentration (Study, Table 13 and p. 44).
The reviewers then proceed to suggest an alternate study design, one that might distinguish
among sub-regions with different exposure characteristics. The purpose of this exercise is
not entirely clear, but it may have been to demonstrate that the percentage of children with
blood lead concentrations above 10Qug/dl is not uniform throughout the study area, an
observation that is interesting, but irrelevant in view of the study design. Why this is
considered by the reviewers to be “absolutely vital information,” as stated in the last
sentence of this section, is also not clear.

The reviewers also point out in connection with this observation that “...distance
alone does not describe the distribution of elevated blood lead in the study area.” The
authors have not claimed that it does, and again this point is irrelevant in view of the study
design. '

3.5 The Regression Model
Response deals quite adequately with this silly misinterpretation.
3.4 Contribution of Soil Lead to Blood Lead and to Dust Lead

Again, the authors of Study have explained very clearly in Response the failure of the
reviewers in Comments 10 understand the purpose and process of hierarchical regression.

3.5 Multi-Media and Multi-Pathway Lead Exposure

Path analysis would have been one technique for dealing with these data, a techruque
that the authors did not choose to use. But why do the reviewers believe that, “This
approach would be far more useful in identifying appropriate goals for environmental
intervention.”? As pointed out in Response, there is again evidence in this section of
Comments that the reviewers have failed to understand hierarchical regression analysis and its



interpretation.
3.6 Individual Behavioral Variables

Response addresses this point particularly well, and sums up what I believe is the
central problem in Comments: “...adding behavioral or other variables to a hierarchical
regression model can only reduce the variance accounted for by soil. The reviewer seems to
want to find some set of variables that lead to a higher simultaneous parameter estimate for
soil, regardless of how little variance is explained by the individual variables, or how all of
the other environmental variables are affected by the factors the reviewer wants included in a
single analysis.”
3.8 Multicolinearity

Another comment effectively rebutted in Response. It is pointed out that this
comment is antithetical to the previous one! '

3.9 Biases Due to Predictor Measurement

Again, a “textbook” comment that is not uniquely relevant to this study. It almost
seems that the authors of Comment are attempting to provide a review of design difficultes
and statistical uncertainties inherent to all epidemiological studies, and to- associate these
uncertainties with this particular study whether or not they are related to the study design and
to the use of hierarchical regression analysis techniques.
4. PRESENTATION OF RESULTS
4.1 Statistical Tables

No comments.
4.2 Graphs

The graphs in Figures 2a and 2b are perfecty clear. They are not histograms.
4.3 Maps

No comments.

4.4 Confidence Intervals

This comment is adequately rebutted in Response.

wh



5. INTERPRETATION AND CONCLUSIONS
L. This is a matter of interpretation.

2. Child age was not entered as a monotone predictor of blood lead. This criticism is
inappropriate.

3. While clusters of cases representing elevated lead exposure were laboriously
extracted by the reviewers from the map included in Study, it is not clear what the function
of this exercise was. The negative association of distance with blood lead concentration was
documented and reported in Study (pp. 38, 49).

4. The reviewers miss the point again. The parrern of soil lead distribution was not
relevant to the study, since acrual soil lead levels rather than radial distances were used in
the analysis.

5. This comment is wrong. It is effectively rebutted in Response.
6. Again, this comment is effectively rebutted in Response.

7. The comment in Response is appropriate.

8. Again, the comment in Response is appropriate.

9. This criticism is wrong. Its gratuitous suggestion that the data analysis should be
redone would be suspect if only because of the associated and wholly unsupported statement
that, “The reported results are highly compatible with the causal model we proposed in
Section 3.4, that lead in soil is an important indirect source of lead in blood through the soil-
to-dust pathway.”

THE REASSESSMENT

The report, Preliminary Assessment of Data from the Madison County Lead Study and
Implicarions for Remediation of Lead-Contaminated Soil, by Allan Marcus (hereafter called
Reassessment), is difficult to characterize. Dr. Marcus states that this report is very
preliminary and that a more detailed report will be prepared that will describe the methods
used in the analyses and will present a complete set of results together with the basis for his
conclusions. Nonetheless, there are fundamental flaws in the analysis as it is presented here,
along with the large gaps that are to be filled at a later date.

Section 1. Here, Dr. Marcus states the goals of this data reanalysis. Two of them,
to provide site-specific information about relevant parameters and to evaluate the proposed
soil remediation level “using this recent information,” are not met, as will be detailed below.



Section 2. In Section 2, Dr. Marcus reanalyzes the data from the IDPH study. The
“reanalysis™ consists, first, of restatements of the fractions of the study group of children
with blood lead concentrations above specified cutoff levels, starting with 10 ug/dl. These
fractions are given in Study. It is not clear what Dr. Marcus intends to imply by repeatedly
underscoring “in the studv™ when he refers to households or children with particular
characteristics (points 2, 7, and 8). These restatements are followed by a series of graphs in
which the logarithms of a number of variables such as mean blood lead concentration and
environmental lead concentrations are plotted against distance from the NL/Taracorp site
within 10 concentric rings around the site, each about 1/8 mile in thickness. On the basis
that blood lead, soil lead, and dust lead all show similar patterns of decreasing concentration
with increasing distance from the NL/Taracorp site, he concludes that both soil lead and dust
lead are contributors to blood lead (point 3). However reasonable it may seem to be on the
surface, such a conclusion is absolutely unjustifiable. Simple correlations cannot support
such a conclusion. Following the detailed criticism in Comments of every aspect of the
statistical methods used in Study, Dr. Marcus’ leap of faith here is particularly egregious.

Most of the remainder of his conclusions in this section are unexceptionable, although
most of them are basically restatements of the data, some of them seem to be general
statements with no necessary relationship to the present data set, and some of them verge
perilously close to personal opinion unsupported by data from the study (“Households in the
study with the most children and the fewest resources to cope with lead poisoning are located
closest to the NL site.” (italics added)). The purpose of one other statement is unclear,
however: point 9. Dr. Marcus points out that the participation rate was lower in the zone
farthest from the NL/Taracorp site, and expresses concern that the sample of children may
therefore not be representative of the community. In view of the fact that the four zones
were not :il the same size, it is not immediately clear whether this concern is justified.
However, more to the point is that such a maldistribution would, if it had any effect at all,
have skewed the distribution of blood lead concentrations in the direction of higher rather
than lower values.

On the basis, apparently, that the linear regression relationships that were so strongly
criticized in Comments are statistically significant and that the data set is similar to those
from other EPA sites, Dr. Marcus judges that these data can be used for evaluating
childhood lead exposure in Madison County.

Most troubling about this entire “reanalysis,” apart from its cavalier mixing of
correlations, general statements, and personal judgment, all unieavened with any statistics
(although presumably these will be made available later), is that it is based entirely on the
distance of concentric rings from the plant site. In Comments, Section 3.2, with Dr. Marcus
as the first author, it is bluntly stated that, “The division of the study area into concentric
rings is not defensible.” Surely, what was not defensible then should not be defensible now.
Unfortunately, one is left with the rather strong impression that features of the IDPH study
that were judged unacceptable when they seemed to point to one conclusion have become
acceptable when they are used to buttress a different conclusion.

Section 3. This analysis is little more than a running of the [EUBK model with its
default parameters. Site-specific exposure data were not used. One site-specific parameter
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was examined in a sensitivity analysis. The statement that, “Site-specific parameters were
based on our judgment and analyses that the NL site had many points of similarity to the
calibration site, Midvale,....” is disingenuous in the extreme. Midvale is a town, not an
urban community, associated with a mining site, not a smelter. That the default parameters
of the I[EUBK model give a blood lead concentration distribution that is similar (although
there is considerable discrepancy in the lower tail) to the observed distribution in the Granite
City study does not imply that another set of parameters, perhaps one that was truly site-
specific, would not give an equally good or even better match.

A small sensitivity analysis was carried out, varying the value of the soil-to-dust
coefficient using the default value and three additional values based on “statistical analyses
from study data.” [t is not stated what kind of statistical analysis was used. The default
value of the soil-to-dust coefficient “...was judged to be appropriate, and also provided a
very goad fit to the child blood lead data....” In addition, the two larger values of the soil-
to-dust coefficient tested, including the default value, “...are more appropriate for risk
assessment, more realistic for properties of the site, and provide a good fit to the data.”
Since two of the three values stated to have been generated from study data were excluded by
this statement, it is hard to see how the larger values are more representative of properties of
the site. Curiously, however, the final suggested range of soil cleanup values includes the
values generated by use of the two previously-excluded lower soil-to-dust coefficients, but’
excludes the values generated by use of the previously-recommended larger soil-to-dust
coefficients. We are not told whether the two lower soil-to-dust coefficients also gave good
fits to the distribution of children’s blood lead concentrations.

The overall impression given by this entire “reanalysis™ is that the recommended soil
remediation level was predetermined. The “reanalysis™ is superficial and careless, and bears
lictle if any relationship to the data from the [DPH study.
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THE STUDVY

Madison County Lead Exposure Studv, Granite City, [llinois (hereafter referred (0 as
Study) is the report of a study of environmental lead exposure and blood lead concentrations
in children, youths, and adults in Granite City, Illinots, carried out by the Illinots
Department of Public Health (IDPH) in late 1991. The primary hypothesis tested was
whether lead in soil contributed significantly to blood lead levels in children less than 6 years
old. Participants were recruited from four residential areas comprising rough concentric
rings around a closed secondary lead smelter, the NL/Taracorp site. Preliminary monitoring
data had indicated that so.l lead concentrations decreased with distance from the smelter.
The innermost area is a Superfund site. Because no suitable control residential area (e.g.,
similar housing stock and similar socioeconomic status of residents) could be identified, the
four residential sampling areas served only to achieve a fairly representative range of soil
lead values. Measured soil lead values, not sampling areas, were used in the statistical
analysis.

Blood lead concentrations and the content of lead in environmental samples of dust,
paint, soil, and drinking water were the key measured lead vanables. Other variables, such
as indicators of sociceconomic status (SES), condition of the exterior of the house, and
condition of the interior paint were elicited by observation or by questionnaire.

Data analysis proceeded through a series of logical steps. Bivariate analyses were
applied initially to the data from groups of children with blood lead concentrations greater
than/equal to or less than 10 ug/dl and from groups of children living in regions with
composite soil lead levels greater than/equal to or less than 500 ppm. The purpose of the
bivariate analyses was to provide a simple first screening to eliminate variables not associated
with blood lead. This preliminary data evaluation was followed by multiple regression
analyses whose purposes were (1) to help identify variables that had utility in predicting
blood lead concentrations, (2) to identify by means of maximum regression coefficient (R*)
improvement analysis the subset of variables with the greatest predictive utility, and (3) by
means of hierarchical regression modeling, to evaluate the contribution of soil lead to blood
lead and house dust lead.

The preliminary bivariate data analysis narrowed the list of potential predictor
variables to lead in indoor paint, soil lead, dust lead and dust loading, distance from the
NL/Taracorp site, parents’ level of education, parents’ income, variables related to smoking,
number of hours spent outdoors by the child per day, number of baths taken per week, and
the categorical variables presence/absence of air conditioning, renting/owning, condition of
exterior of residence, and refinishing of the residence within the past year or of furniture
within the past three months.

Stepwise regression analysis was used to select and assign level of importance to the
critical predictors. The two primary predictors were found to be dust lead and distance from
the smelter site, the two together accounting for 21 % of the total variance in blood lead.
Other predictors were the parents’ level of education, number of cigarettes smoked per day,
renvown home, refinishing activities, ethnicity, dust load, age, drinking water lead
concentration, distance, and number of hours of outdoor play per day. Together with dust
lead and distance from the smelter site. these variables accounted for 35% of the blood lead



variance.

Hierarchical regression focused specifically on the contribution of paint and soil lead
to blood lead, using a very small set of predictor variables so as not to overadjust by
confounding. Water lead level, house paint lead levels, recent refinishing activities, and
condition of the residence were the only poteatiaily confounding variables introduced. House
dust was not included as a potential confounder, since it was a pathway for the two primary
lead sources, soil and paint. Soil lead alone was found to account for 3% of the variance in
blood lead, while the condition of the house and the amount of lead in paint together
accounted for about 11% of the variance in blood lead. Soil lead accounted for 6% of the
dust lead variance, while indoor and outdoor paint lead levels and the condition of the
residence together accounted for 26 % of the variance in dust lead.

The conclusion is that at this site, soil was less. important as an ultimate lead source
than interior and exterior paint. Both soil lead and paint lead were found to contribute to
dust lead, a pathway of exposure. Building condition was an important modifier of the
contribution of paint lead to dust lead. Paint lead levels and building condition together
accounted for about four times as much (26%) of the variance in dust lead as soil lead did
6%). '

THE COMMENTS AND THE RESPONSE

" Comments on Madison County Lead Exposure Study, Granite City, Illinois (hereafter
referred to as Comments) is a detailed analysis of the study report. In general, many of the
points raised are conventional, almost textbook recommendations for the conduct of
environmental studies; however, often they miss the mark. Sometimes they do not seem to
be connected with the section of Srudy being commented upon at all. The fundamental
problem is that the reviewers do not seem to recognize that the study design used here was
not the conventional environmental epidemiology study design with an exposed community
group and a control group. In addition, a2 number of the points they raise had already been
raised and discussed by the authors of the study report, suggesting that the reviewers did not
read the report in full.

[ have divided my comments on Comments in accordance with the structure adopted
in both Study and Comuments. 1 also refer to Response to Comments of U.S. EPA Reviewers
Regarding the Granite City Lead Study Draft Report (hereafter referred to as Response).

1. IMPLEMENTATION OF STUDY DESIGN
1.1 Recruitment of Subjects

This section contains some general comments about avoidance of bias in recruiting.
The stated concemn that the participation rate might have been lower in areas with higher

exposure and lower resident socioeconomic status is not supported by the observation that the
participation rate was about equal in three of the four areas. but lower in the area with the

(%)



lowest lead exposure — a point already made and discussed in Study.
1.2 Omission of Pontoon Beach Subjects

Nothing would have been gained by including the small group of Pontoon Beach
subjects, whose housing was entirely different from the housing in Granite City. A control
group was not needed for the statistical analysis used.

1.3 Resampling of Children with Elevated Blood Lead

The logic of the first paragraph is not clear. How does bias due to inclusion of
siblings follow from the “regression to the mean™ problem? And what does the inclusion of
some sibling measurements have to do with the conclusion that was reached by the authors,
which was simply that counseling resulted in a drop in blood lead in those children whose
families were counseled? Those drops were almost 50%. Comments notes that in other
studies, children tested in winter have had lower blood lead concentrations, typically by
about 30%, than children who were tested at the summertime peak, and suggests that this
" phenomenon invalidates the observation that counseling was followed by reductions in blood
lead. In fact, Study discusses the seasonal fluctuation in blood lead concentrations in childien
in some detail, and points out that the first blood samples were taken when the time of the
summer peak was already past.

The authors of Study made no claim that they were testing a hypothesis about the
effectiveness of counseling and education in reducing blood lead. It is unnecessary for the
reviewers to outline a study that could be used to test such a hypothesis, and irresponsible for
them to suggest that “...the resampled children in the Madison County study are used to
reach some very broad and general conclusions....”. The authors have not generalized from
the data from the resampled children. They have simply, and correctly, stated an
observation.

2. FIELD SAMPLING AND ANALYSIS OF SAMPLES
2.1-2.3 I have no comments on these sections.
2.4 House Condition and Paint Condition

[ agree with the reviewers that clearer statements of the criteria for classification of
housing condition as good, fair, or poor would have been heipful. In addition, it is not
always immediately clear in Study whether exterior or interior paint condition, or both, are

included in a variable to be tested. These are minor points related to clarity of presentation,
unrelated to study design or conduct.

3.STATISTICAL ANALYSIS OF DATA
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3.1 Dependence on Age

It is pointed out in Response that blood lead models were not adjusted for age, as the
reviewers mistakenly thought.

3.2 Inadequate Spatial Resolution of Demographics and Lead Exposure

The reviewers seem to have missed the point entirely here. They are still viewing the
study as one in which different groups are to be compared: groups that should be identical in
all respects except magnitude of lead exposure. They take issue with use of concentric
geographic rings to define subject groups, but in fact subject groups were not used in the
study. They remark that older housing may contain a disproportionate number of families
with more than one child less than 6 years old, when it was clearly stated in the report that
the study unit was the child, not the household, for most of the statistical analyses; and was
also shown that outcome was not affected by using either all children in each family, or only
the child with the highest or lowest blood lead concentration (Study, Table 13 and p. 44).
The reviewers then proceed to suggest an alternate study design, one that might distinguish
among sub-regions with different exposure characteristics. The purpose of this exercise is
not entirely clear, but it may have been to demonstrate that the percentage of children with
blood lead concentrations above 10ug/dl is not uniform throughout the study area, an
observation that is interesting, but irrelevant in view of the study design. Why this is
considered by the reviewers to be “absolutely vital information,” as stated in the last
sentence of this section, is also not clear.

The reviewers also point out in connection with this observation that “...distance
alooe does not describe the distribution of elevated blood lead in the study area.” The
authors have not claimed that it does, and again this point is irrelevant in view of the study
design. '

3.3 The Regression Model
Response deals quite adequately with this silly misinterpretation.
3.4 Contribution of Soil Lead to Blood Lead and to Dust Lead

Again, the authors of Study have explained very clearly in Response the failure of the
reviewers in Comvnents to understand the purpose and process of hierarchical regression.

3.5 Multi-Media and Multi-Pathway [ead Exposure

Path analysis would have been one technique for dealing with these data, a technique
that the authors did not choose to use. But why do the reviewers believe that, “This
approach would be far more useful in identifying appropriate goals for environmental
intervention.”? As pointed out in Response, there is again evidence in this section of
Comments that the reviewers have failed to understand hierarchical regression analysis and its



interpretation.
3.6 Individual Behavioral Variables

Response addresses this point particularly well, and sums up what I believe is the
central problem in Comments: “...adding behavioral or other variables to a hierarchical
regression model can only reduce the variance accounted for by soil. The reviewer seems to
want to find some set of variables that lead to a higher simultaneous parameter estimate for
soil, regardless of how little variance is explained by the individual variables, or how all of
the other environmental variables are affected by the factors the reviewer wants included in a
single analysis.”
3.8 Multicolinearity

Another comment effectively rebutted in Response. It is pointed out that this
comment is antithetical to the previous one! '

3.9 Biases Due to Predictor Measurement

Again, a “textbook™ comment that is not uniquely relevant to this study. It almost
seems that the authors of Comment are attempting (o provide a review of design difficulties
and statistical uncertainties inherent to all epidemiological studies, and to-associate these
uncertainties with this particular study whether or not they are related to the study design and
to the use of hierarchical regression analysis techniques.
4. PRESENTATION OF RESULTS
4.1 Statistical Tables

No comments.
4.2 Graphs

The graphs in Figures 2a and 2b are perfectly clear. They are not histograms.
4.3 Maps

No comments.

4.4 Confidence Intervals

This comment is adequately rebutted in Response.



5. INTERPFETATION AND CONCLUSIONS
1. This is a matter of interpretation.

2. Child age was nor entered as a monotone predictor of blood lead. This criticism is
inappropriate.

3. While clusters of cases representing elevated lead exposure were laboriously
extracted by the reviewers from the map included in Study, it is not clear what the function
of this exercise was. The negative association of distance with blood lead concentration was
documented and reported in Study (pp. 38, 49).

4. The reviewers miss the point again. The partern of soil lead distribution was not
relevant to the sudy, since actual soil lead levels rather than radial distances were used in
the analysis.

5. This comment is wrong. It is effectively rebutted in Response.
6. Again, this comment is effectively rebutted in Response.

7. The comment in Response is appropriate.

8. Again, the comment in Response is appropriate.

9. This criticism is wrong. Its gratitous suggestion that the data analysis should be
redone would be suspect if only because of the associated and wholly unsupported statement
that, “The reported results are highly compatible with the causal model we proposed in
Section 3.4, that lead in soil is an important indirect source of lead in blood through the soil-
to-dust pathway.”

THE REASSESSMENT

The report, Preliminary Assessment of Data from the Madison County Lead Study and
Implications for Remediation of Lead-Contaminated Soil, by Allan Marcus (hereafter called
Reassessment), is difficult to characterize. Dr. Marcus states that this report is very
preliminary and that a more detailed report will be prepared that will describe the methods
used in the analyses and will present a complete set of results together with the basis for his
conclusions. Nonetheless, there are fundamental flaws in the analysis as it is presented here,
along with the large gaps that are to be filled at a later date.

Section 1. Here, Dr. Marcus states the goals of this data reanalysis. Two of them,

to provide site-specific information about relevant parameters and to evaluate the proposed
soil remediation level “using this recent information,” are not met, as will be detailed below.
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Section 2. In Section 2, Dr. Marcus reanalyzes the data from the IDPH study. The
“reanalysis” consists, first, of restatements of the fractions of the study group of children
with blood lead concentrations above specified curtoff levels, starting with 10 ug/dl. These
fractions are given in Study. It is not clear what Dr. Marcus intends to imply by repeatedly
underscoring “in the studv™ when he refers to households or children with particular
characteristics (points 2, 7, and 8). These restatements are followed by a series of graphs in
which the logarithms of a number of variables such as mean blood lead concentration and
environmental lead concentrations are plotted against distance from the NL/Taracorp site
within 10 concentric rings around the site, each about 1/8 mile in thickness. On the basis
that blood lead, soil lead, and dust lead all show similar patterns of decreasing concentration
with increasing distance from the NL/Taracorp site, he concludes that both soil lead and dust
lead are contributors to blood lead (point 3). However reasonable it may seem to be on the
surface, such a conclusion is absolutely unjustifiable. Simple correlations cannot support
such a conclusion. Following the detailed criticism in Comments of every aspect of the
statistical methods used in Study, Dr. Marcus’ leap of faith here is particularly egregious.

Most of the remainder of his conclusions in this section are unexceptionable, although
most of them are basically restatements of the data, some of them seem to be general
statements with no necessary refationship to the present data set, and some of them verge
perilously close to personal opinion unsupported by data from the study (“Households in the
study with the most children and the fewest resources 1o cope with lead poisoning are located
closest to the NL site.” (italics added)). The purpose of one other statement is unclear,
however: point 9. Dr. Marcus points out that the participation rate was lower in the zone
farthest from the NL/Taracorp site, and expresses concern that the sample of children may
therefore not be representative of the community. In view of the fact that the four zones
were not all the same size, it is not immediately clear whether this concem is justified.
However, more to the point is that such a maldistribution would, if it had any effect at all,
have skewed the distribution of blood lead concentrations in the direction of higher rather
than lower values.

On the basis, apparently, that the linear regression relationships that were so strongly
criticized in Comments are statistically significant and that the data set is similar to those
from other EPA sites, Dr. Marcus judges that these data can be used for evaluating
childhood lead exposure in Madison County.

Most troubling about this entire “reanalysis,” apart from its cavalier mixing of
correlations, general statemeats, and personal judgment, all unleavened with any statistics
(although presumably these will be made available later), is that it is based entirely on the
distance of concentric rings from the plant site. In Comments, Section 3.2, with Dr. Marcus
as the first author, it is bluntly stated that, “The division of the study area into concentric
rings is not defensible.” Surely, what was not defensible then should not be defensible now.
Unfortunately, one is left with the rather srong impression that features of the IDPH study
that were judged unacceptable when they seemed to point t0 one conclusion have become
acceptable when they are used to buttress a different conclusion.

Section 3. This analysis is litle more than a running of the [EUBK model with its
default parameters. Site-specific exposure data were not used. One site-specific parameter
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was examined in a sensitivity analysis. The statement that, “Site-specific parameters were
based on our judgment and analyses that the NL site had many points of similarity to the
calibration site, Midvale,....” is disingenuous in the extreme. Midvale is a town, not an
urban community, associated with a mining site, not a smelter. That the default parameters
of the IEUBK model give a blood lead concentration distribution that is similar (although
there is considerable discrepancy in the lower tail) to the observed distribution in the Granite
City study does not imply that another set of parameters, perhaps one that was truly site-
specific, would not give an equally good or even better march.

A small sensitivity analysis was carried out, varying the value of the soil-to-dust
coefficient using the default value and three additional values based on “statistical analyses
from study data.” It is not stated what kind of statistical analysis was used. The default
value of the soil-to-dust coefficient “...was judged to be appropriate, and also provided a
very good fit to the child blood lead data....” In addition, the two larger values of the soil-
to-dust coefficient tested, including the default value, “...are more appropriate for risk
assessment, more realistic for properties of the site, and provide a good fit to the data.”
Since two of the three values stated to have been generated from study data were excluded by
this statement, it is hard to see how the larger values are more representative of properties of
the site. Curiously, however, the final suggested range of soil cleanup values includes the
values generated by use of the two previously-excluded lower soil-to-dust coefficients, but’
excludes the values generated by use of the previously-recommended larger soil-to-dust
coefficients. We are not told whether the two lower soil-to-dust coefficients also gave good
fits to the distaibution of children’s blood lead concentrations.

The overall impression given by this entire “reanalysis” is that the recommended soil
remediation level was predetermined. The “reanalysis” is superficial and careless, and bears
lictle if any relationship to the data from the IDPH study.
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PREFACE

The Guidance Manual has been developed to assist the user in providing appropriate
input to the Integrated Exposure Uptake Biokinetic (IEUBK) Model for Lead. The [EUBK
Model is designed to model exposure from lead in air, water, soil, dust, diet, and paint and
other sources with pharmacokinetic modeling to predict blood lead levels in children
6 months to 7 years old. This manual emphasizes the use of the IEUBK Model for
estimating risks from childhood lead exposure to soil and household dust that might be
encountered at CERCLA/RCRA sites, although other applications of the model are possible.
The manual provides background information on environmental exposure parameters and
recommends some useful approaches that allow flexibility for site-specific risk assessments,
where possible. Default parameters are recommended unless there is sufficient data to
characterize site-specific conditions. A separate Appendix on sampling is being developed
and will be issued later. A Technical Support Document details the basis for the biokinetic

- parameters and equations in the [EUBK Model. In addition, EPA is continuing to compare
~the results of field studies with model predictions and will release these findings in a later
- document.

One of the proposed uses of this model will be support for the implementation of an
Interim Directive of the Office of Solid Waste and Emergency Response (OSWER). This
Interim Directive explains how the [EUBK Model results can be a tool for the determination
of site-specific cleanup levels. In this context, the model is viewed as a predictive tool for
estimating changes in blood concentrations as exposures are modified. The model is also
viewed as a useful tool that should aid the Agency in making more informed choices about
the concentrations of lead that might be expected to impact human bealth.

The development of the model has included the cooperative efforts of several EPA
programs over nearly a decade. For the last three years, these efforts have beea coordinated
by the Technical Review Workgroup for Lead. During its development, the model bas
undergone review by outside scientists, and its usefulness has been evaluated Ly EPA staff,
contractors, and other reviewers assessing site-specific risk. The current version of the
IEUBK mode! and the Guidance Manual incorporates many of their recommeadations.

The use of mathematical and statistical models for environmental risk assessment has
become increasingly widespread because of the many practical difficulties eacountered in
controlling human exposure to toxicants with subtle and long-lasting effects. Exposure to
lead during infancy and childhood increases the risk of irreversible neurobehavioral deficits



at levels of internal exposure as low as 10 to 15 ug Pb per 100 mL of blood (10 to

15 ug/dL). Lead has many known sources, and many pathways from its environmental
sources into the child's body (U.S. Environmental Protection Ageacy, 1986). The
Environmental Protection Agency has long been interested in methods for relating
environmental lead coacentrations to blood lead concentrations in children. Earlier
approaches based on statistical correlations provided essential information on the existence
and magnitude of childhood lead uptake from persisteat exposure to different environmental
sources, including lead in air, diet, drinking water, soil, dust, and lead-based paint.
Unfortunately, these statistical relationships are limited in their ability to estimate the effects
of alternative lead abatement methods that change pathways as well as sources.

In 1985 the EPA Office of Air Quality Planning and Standards began to develop an
alternative approach for estimating the effectiveness of alternative National Ambient Air
Quality Standards for lead, particularly around point sources of air lead emissions such as
smelters. This was a computer simulation model with two componeats: (1) a model of the
biokinetics of lead distribution and elimination whose parameters vary with the child's age,
and (2) a multi-source and multi-media lead exposure model in which air lead concentrations
change over time. The biokinetic model was based on studies at New York University by
Naomi Harley, Theodore Kneip, and Peter Mallon. The U.S. Eavironmeatal Protection
Agency Clean Air Science Advisory Committee (CASAC) reviewed and found acceptable the
OAQPS staff report documenting the model in 1989. A subsequeat OAQPS staff paper
reviewing the National Ambient Air Quality Standard for Lead, which included results of
applying the model to point sources of air lead such as smelters and battery plants, was also
evaluated by CASAC in 1990 (U.S. Eavironmeatal Protection Agency, 1990B).

Those who had been involved in developing the lead model then received a large and
growing number of requests on applications of the model in a wide variety of other contexts
not originally intended for model use. The largest oumber of these requests involved the use
of the model to estimate the efiects of soil lead abatement at Superfund sites.

The air model was further developed to include eabancements in absorption and
biokinetics. In November, 1991, the Indoor Air Quality and Total Human Bxposure
Committee (IAQTHEC) of EPA’s Science Advisory Board (SAB) reviewed the Uptake
Biokinetic Model for Lead (version 0.4) and evaluated its use in assessing total lead
exposures and in aiding in developing soil cleanup levels at residential CERCLA/RCRA
sites. The Committee’s Report was transmitted to EPA Administrator William K. Reilly in
March, 1992. The Committee concluded that while refinements in the detailed specifications
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of the model would be needed, the approach followed in developing the model is sound. The
Committee stated that the model can effectively be applied for many current needs even as it

continues to undergo refinement for other applications, based upon experience gained in its
use.

The Committee was concerned that the reliability of the results obtained using the
model is very much dependent on the selection of the various coefficients and default values
that were used. In particular, the Committee identified the need for guidance on the
"proper” geometric standard deviation (GSD) and the use of default values for other
parameters. In addition to these general comments, specific comments were included in the
Report. The comments of the SAB and other reviewers have been considered in this revision
of the Guidance Manual.

Since the SAB review, EPA has further refined the model. The four main components
of the current IEUBK model are: (1) an exposure model that relates environmental lead
concentrations to age-dependent intake of lead into the gastrointestinal tract; (2) an absorption

-model that relates lead intake into the gastrointestinal tract and lead uptake into the blood;

=(3) a biokinetic model that relates lead uptake in the blood to the concentrations of lead in

" several organ and tissue compartments; and (4) a model for uncertainty in exposure and for
population variability in absorption and biokinetics. A Technical Support Document that
details the selection of parameters and equations in the model is available.

As with any multicompartmental model, pools in the compartmental analysis can be
identified with specific organs or organ systems oaly if biological concentrations of the
compartments are known. For some compartments, the biological concentrations have been
measured at a number of time points so that the movement of lead from one compartment to
another can be estimated. The biokinetic and absorption components of the model, however,
are not observed directly but are inferred from accessible data.

In developing the IEUBK Model, EPA has learned much from “real world”
comparisons of blood lead and predicted values—not only that the model works, but also that
it can be made to work better. Guidance on the appropriate use of the model is based on our
experiences, where possible, and on the experieaces of many users and reviewers of the _
model. Many of the most useful parts of the Guidance Manual have been suggested by these
reviewers.



While the model has been used to support the NAAQS for Lead, the Clean Water Act
national regulations, and several other regulatory and enforcement issues, EPA is continuing
its validation of the [EUBK Model with detailed evaluation of additiopal data collected from
different types of sites. Comparison of predicted and empirical blood lead concentrations
will be described in the Field Study Data Set Comparisons Document described in
Section 1.2.2.

Although EPA is releasing version 0.99d of the IEUBK Model to easure consistent
application among users, the Ageacy will continue to evaluate the results of validation
exercises and different applications of the model. The Eavironmeatal Protection Ageacy will
determine periodically whether refinemeats to the model are warranted, considering scientific
advancements and the development of alternative approaches.

The Environmental Protection Agency welcomes the suggestions of those using the
IEUBK model. Questions regarding the site-specific application of the IBUBK Model should
be raised with the appropriate Regional Toxics Integration Coordinator, Comments on the
technical content of the manual or suggestions for its improvement may be brought to the
attention of the Technical Review Workgroup for Lead, whose current addresses are listed on

page xxi.
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GLOSSARY OF MODEL TERMS

Absorbed dose - The amount of a substance penetrating an absorption barrier (the exchange
boundaries) of an organism, via either physical or biological processes.

Absorption barrier - Any of the exchange barriers of the body that allow differential
transport of various substances across a boundary. Examples of absorption barriers are the
skin, lung tissue, and gastrointestinal tract wall.

‘Accuracy - The measure of the correctness of data, as given by the difference between the
measured value and the true or standard value.

Ambient - Surrounding conditions.

. Ambiens measurement - The measurement (usually of the concentration of a chemical or
pollutant) taken in an ambient medium, normally with the inteat of relating the measured
value to the exposure of an organism that contacts that medium.

Ambient medium - One of the basic categories of material surrounding or contacting an
“organism (e.g., outdoor air, indoor air, water, or soil) through which chemicals or pollutants
can move and reach the organism. (See biological medium, eavironmental medium.)

Arithmetic mean - The sum of all the measurements in a data set divided by the number of
measurements in the data set.

Background level (environmenial) - The concentration of substance in a defined control area
during a fixed period of time before, during or after a data gathering operation.

Bias - A systematic error inherent in a method or caused by some feature of the
measurement system.

Bioavdilability - The fraction of intake at a portal of entry into the body (lung, gut, skin) that
enters the blood. Biocavailability is typically a function of chemical properties, physical state
of the material that an organism ingests or inhales, and the ability of the individual organism
to physiolceically absorb the chemical. The absorption rate varies widely by type of
substance ..d can greatly influence the toxicity of lead over that acute timeframe.

Biokinerics - processes affecting the movement of molecules from one internal body
compartment to another, including elimination from the body.

Biological measurement - A measuremeat taken in a biological medium. For the purpose of
exposure assessment via reconstruction of dose, the measurement is usually of the
concentration of a chemical/metabolite or the status of a biomarker, normally with the intent
of relating the measured value to the internal dose of a chemical at some time in the past.



(Biological measurements are also taken for purposes of monitoring health status and
predicting effects of exposure). (See ambient measurement.)

Biological medium - One of the major categories of material within an organism (e. g., blood,
adipose tissue, or breath) through which chemicals can move, be stored, or be biologically,
physically, or chemically transformed. (See ambient medium, eavironmental medium.)

Body burden - The amount of a particular chemical stored in the body at a particular time,
especially a poteatially toxic chemical in the body as a result of exposure. Body burdens can
be the result of long term or short term storage, for example, the amouat of a metal in bone,
the amount of a lipophilic substance such as PCB in adipose tissue, or the amount of carbon
monoxide (as carboxyhemoglobin) in the blood.

Comparability - The ability to describe likenesses and differeaces in the quality and relevance
of two or more data sets.

Compartmen: - A distinct anatomical organ, tissue, fluid pool, or group of tissues within the
body that are regarded as "kinetically homogeaeous.”

Dose - The amount of a substance available for interaction with metabolic processes or
biologically significant receptors after crossing the outer boundary of an organism. The
potential dose is the amount ingested, inhaled, or applied to the skin. The applied dose is the
amount of a substance preseated to an absorption barrier and available for absorption
(although not necessarily having yet crossed the outer boundary of the organism). The
absorbed dose is the amount crossing a specific absorption barrier (e.g., the exchange
boundaries of skin, lung, and digestive tract) through uptake processes; internal dose is a
more general term denoting the amount absorbed, without respect to specific absorption
barriers or exchange boundaries. The amount of the chemical available for interaction by
any particular organ or cell is termed the delivered dose for that organ or cell.

Environmenzal mediwm - One of the major categories of material found in the physical
environment that surrounds or contacts organisms (e.g., surface water, ground water, soil, or
air) and through which chemicals or pollutants can move and reach the organisms. (See
ambient medium, biological medium.)

Exposure - Contact of a chemiccl, physical, or biological ageat with the outer boundary of an

organism. Bxposure is quantified as the concentration of the agent in the mediL ' in contact
integrated over the time duration of that contact.

Exposure pathway - The physical course a chemical or pollutant takes from the source to the
organism exposed.

Exposure route - The way a chemical or pollutant enters an organism after contact (e.g., by
ingestion, inhalation, or dermal absorption). '

xxiv



Exposure scenario - A set of facts, assumptions, and inferences about how exposure takes
place that aids the exposure assessor in evaluating, estimating, or quantifying exposures.

Geomerric mean - The nth root of the product of n values. Also, the exponential function of
the mean or expected value of the natural logarithm of a variable.

Geometric standard deviation (GSD) - The exponential function of the standard deviation of
the natural logarithm of a variable.

Guidelines - Principles and procedures to set basic requirements for general limits of
acceptability for assessments.

Intake - The process by which a substance crosses the outer boundary of an organism without
passing an absorption barrier (e.g., through ingestion or inhalation). (See also "potential
dose™).

Internal dose - The amount of a substance penetrating across the.absorption barriers (the
exchange boundaries) or an organism, via either physical or biological processes.

Marrix - A specific type of medium (e.g., surface water, drinking water) in which the analyte
of ir‘erect may be contained. _

Median value - The value in 2 measurement data set such that half the measured values are
greater and half are less.

Monte Carlo rechnique - A repeated random sampling from the distribution of values for
each of the parameters in a generic (exposure or dose) equation to derive an estimate of the
distribution of (exposures or doses in) the population.

Pathway - The physical course a chemical or pollutant takes from the source to the organism
exposed.

Pharmacokinetics - The study of the time course of absorptioa, distribution, metabolism, and
excretion of a foreign substance (e.g., a drug or pollutant) in an organism’s body.

Potential dose - The amount of a chemical contained in material ingested, air breathed, or
bulk material applied to the skin.

Precision - A measure of the reproducibility of a measured value under a given set of
conditions.

Probability samples - Samples selected from a statistical population such that each sample has
a known probability of being selected.

Random samples - Samples selected from a statistical population such that each sample has an
equal probability of being selected.



Range - The difference between the largest and smallest values in a measurement data set.

Reasonable worst case exposure or risk range - The lower portion of the "high end” of the
exposure, dose or risk distribution. The reasonable worst case conceptually should be
targeted at above the 90th percenule in the distribution, but below about the 98th percentile
("maximum exposure or risk range”).

Represerzativeness - The degree to which a sample is, or samples are, characteristic of the
whole medium, exposure, or dose for which the samples are being used to make inferences.

Risk - The probability of deleterious health or environmental effects.

Route - The way a chemical or pollutant enters an organism after contact (e.g., by ingestion,
inhalation, or dermal absorption).

Sample - A small part of something designed to show the nature or quality of the whole.
Exposure-related measurements are usually samples of eaviroamental or ambient media,
exposures of a small subset of a population for a short time, or biological samples, all for the
purpose of inferring the nature and quality of parameters important to evaluating exposure.

Scenario evaluation - An approach to quantifying exposure by measurement or estimation of
both the amount of a substance coatracted, and the frequency/duration of contact, and
subsequently linking these together to estimate exposure or dose.

Structural Equations Model - A statistical model of a process in which several regression
equations are solved simultaneously, and outputs or responses from one equation may be
used as inputs or predictors in another equation. Useful in pathway modeling.

Surrogate data - Substitute data or measurements on one substance used to estimate
analogous or corresponding values of anather substance.

Uptake - The process by which a substance crosses an absorption barrier and is absorbed into
the body.
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1. BEFORE YOU START

1.1 BACKGROUND: PURPOSE AND DEVELOPMENT OF THE
MODEL

The Integrated Exposure Uptake Biokinetic TEUBK) Model for Lead in Children is a
stand alone, PC compatible software package. It allows the user to estimate, for a
hypothetical child or population of childrea, a plausible distribution of blood lead
concentrations ceatered on the geometric mean blood lead conceatration predicted by the
model from available information about childrea’s exposure to lead. From this distribution.
the model calculates the probability that childrea’s blood lead concentrations will exceed the
user selected level of concern (default 10 ug/dL). The user can then explore an array of
possible changes in exposure media that would reduce the probability that blood lead
concentrations would be above this level of concern.

The model should be viewed as a tool for making rapid calculations and recalculations
of an extremely complex set of equations that includes scores of exposure, uptake, and
biokinetic parameters. This Guidance Manual concisely describes key features of the
conceptual underpinnings of tuc LEUBK model, its evolution and development, its
capabilities, and its limitations. The Manual thea goes on to offer guidance oa the use of the
model as a risk assessment tool while cautioning against a number of possible misapplications
of the model. A detailed description of the equations and parameters used in the model is
provided in the Technical Support Document: * Parameters and Equations Used in the
Integrated Exposure Uptake Biokinetic Model for Lead in Childrea (a companion document
to this Guidance Manual).

1.1.1 Description of the Model

The IBUBK Model is a simulation model. As a risk assessmeat tool, it can be a useful
component of remediation strategies for lead in the human eavironment. The simulation of
childhood lead exposure and reteation is oaly one part of the risk assessment process. It is
important to note that the model alone does not determine the level of cleanup required for a
specific site. Rather, it predicts the likely blood lead distribution for children given the
exposure to lead at that site, and the probability that children exposed to lead in that
eavironment will have blood lead concentrations exceeding a health-based level of concern.
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Blood lead concentrations are not only indicators of recent exposure, but also are the
most widely used index of internal lead body burdens associated with potential health effects.
Health effects of concern have been determined to be associated with childhood blood lead
concentrations at or below 10 ug/dL (U.S. Environmental Protection Ageacy, 1986, 1990;
CDC, 1991). The probability that children will have blood lead levels exceeding this level
of concern is an important consideration for a risk assessor in compiling and evaluating all
information applicable to a site to enable remediation decisions.

The IEUBK model can be applied at several different scales of application, but the
interpretation of the model output and the form of the model or subsequent risk estimates is
different for each application. In most uses of the model, a site is a spatial domain that is
appropriate for remediation decisions, typically a resideatial yard with a single housing unit,
or an equivalent area for multi-unit buildings or for undeveloped lots. The home and its
surrounding yard is the basic unit for risk analysis because lead exposure for pre-school
children commonly occurs within this domain. In Sections 1.4.4.2 and 4.2 we will describe
an array of applications of the [EUBK mode!l based on aggregating clusters of sites. The
array is:

A: One location
Al: one living unit, one child;
A2: one living unii, woure than one child;
A3: more than one living unit, more than one child, homogeneous media
conceatrations;

B: Muitiple locations, one neighborhood, homogeneous media concentrations

C: Multiple locations, one neighborhood, heterogensous media
conceatrations;

D: Maultiple locations, more than one neighborhood, heterogeneous media
comcentrations;

In category A, risk is calcuiated as the probability that, in a single child at a single site
with the specified exposure sceaario, the child's blood lead concentration will exceed the
level of concern. The probability distribution describes the likely variaoility in blood lead
for a child with a given exposure scenario. The best single-number prediction of blood lead
conceatration is the geometric mean of the distribution of blood lead concentrations that may
occur for a child with the specified exposure scenario. This single-child assessmeat is used
to evaluate remediation options on a house-by-house or yard-by-yard basis.



In categories B, C, and D, a frequency distribution of the individual risk of exceeding a
blood lead level of concem is obtained. The percentage of children in multiple sites that are
likely to have a blood lead concentration exceeding the level of concern can then be
calculated. For category B, where all children of the same age have the same exposure
scenario, this can be done with a single run of the [EUBK model. For categories C and D,
where distinct subgroups have different exposure scenarios, risk must be calculated by
aggregating the results from a number of model runs. Risk estimation for more than one
neighborhood, for category D, has the added complication that a variety of model parameters
may differ between neighborhoods, and within each neighborhood. Therefore, environmental
lead concentrations may differ between neighborhood subgroups.

1.1.2 Simulation of Childhood Lead Exposure and Retention

Lead is a naturally occurring nonnutrient metal that follows environmental pathways

--similar to those of nutrient metals such as calcium. In the human environment, these
pathways or routes of exposure transfer lead from sources such as food, drinking water, air,
soil, and dust, to the human body by means of ingestion or inhalation. There are important

—analogies to be made between lead and calcium that contribute to our understanding of the

“biological behavior of lead. These analogies have aided in the formulation of the lead
model. In particular, the nature of gut absorption of lead and calcium may be similar.
Childhood growth and development of bone and soft tissue which require calcium influence
the uptake of eavironmental lead from the gut. In addition to similarities in absorption, both
lead and calcium are stored in quantity and subsequeatly released from bone tissue.

Shown conceptually on Figure 1-1, inhaled or ingested lead is absorbed through the
lungs or gut into the blood stream where it is transferred to body tissues, including bone
tissues. After a period of time, this lead returns to the blood stream where it is transferred
to other tissues or eliminated with urine. Lead may also be eliminated from the body with
sweat, hair or sloughed epidermal tissue, or it may be transferred through the liver *nd bile
duct back to the gut where it passes out of the body with feces.

In Figure 1-1, the oval shapes show eavironmental lead media, and some of the
pathways between them. The large rectangle shows the compartment that is ceatral to lead
distribution in the child, the blood plasma pool and associated extra-cellular fluid. Each
lower rectangle shows a compartment in the child’s body where lead may be retained. The
excretion of lead from the body is shown by the circles.
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Figure 1-1. Conceptual diagram of the movement of environmental lead into and
through the human body. The oval shapes show eavironmental media and

the pathways of uptake. The large rectangie is the blood plasma
compartment central to the distribution of lead in the body.

The foundation of the present [EUBK model is the construction of a detailed and
thorough exposure scenario for children aged 0 to 84 months that can be adjusted to match
the exporre of any child. The user starts with exposure information specific to these
children and accepts genenalized assumptions about any additional information required to
complete the exposure scenario. The site-specific information usually consists of
environmental media conceatrations such as soil lead conceatrations.

The model inserts defauit values whenever site-specific information is not used. The

default values (e.g., dietary lead concentrations and consumption values) are typical of a
child’s environment in the sense that they are broad-based estimates of the expected
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environment of a child. These default values are not necessarily appropriate for every site
and should be reviewed by the user for every site-specific application.

This model uses standard age-weighted exposure parameters for consumption of food.
drinking water, soil, and dust, and inhalation of air, matched with site-specific concentrations
of lead in these media, to estimate exposure for the child. The mode! simulations represent
chronic exposure and do not incorporate the variability in consumption patterns and media
concentrations on a daily or seasonal basis. The model includes continuous growth of the
child and simulates the changing environmeat of the child on a yearly basis. In theory, the
exposure component of the model would apply to a single child or to any number of children
with the sam< '«cd exposure scenario. With the proper substitution for media concentrations.
the exposure component (but not the biokinetic component) would also apply to any other
substance with sources and pathways of exposure similar to lead.

The model simulates lead uptake, distribution within the body, and elimination of lead
from the body. The uptake portion of the model takes into coasideration two mechanisms of
absorption of lead in the digestive tract: saturable and non-saturable. Elimination of lead is
modeled through several routes: urine, gastro-intestinal excretion, and sloughing of
epidermal tissue, including hair and nails.

1.1.3 Historical Evolution from Slope Factor Models to the IEUBK Model

An explicit mathematical method for estimating the likely risk of elevated blood lead
concentrations in young children has previously beea used by the Eavironmental Protection
Agency as one of its tools for developing the National Ambient Air Quality Standard for
Lead and the National Primary Drinking Water Regulation for Lead. The method has
historically been based mainly on an estimation of relationships betweea lead conceatrations
in children’s blood and lead concentrations in specific individual environmental media such
as air, water, soil and dust, based on empirical observations derived from experimentally
controlled human exposure, animal toxicological studies, and epidemiological analyses. Such
relationships also provide a basis for estimating the probability that elevated blood lead
concentrations exceed a level of concern due to exposure to environmental lead in these
media.

A mathematical approach of this type was used to evaluate potential alternative air lead
standards based on health effects criteria (U.S. Eavironmeatal Protection Ageacy, 1977,

1-5



1978, 19892). The relationship between blood lead and lead in environmental media was
estimated statistically, both for adults and children (U.S. Environmental Protection Agency,
1986, 1989a). While the relationship was somewhat non-linear at blood lead conceatrations
above about 40 ug/dL in adults and 30 ug/dL in children, it was nearly linear at lower blood
lead concentrations of interest. The relationship between blood lead and environmental lead
concentrations in different media (air, water, soil, dust, food) was estimated using a model
linear in lead conceatrations. The linear regression coefficients between blood lead and lead
in each of the environmental media have since become known as the slope factors for the
media.

As more evidence has become available, it has become clear that these slope factors can
not be regarded as universal constants that are the same everywhere, for all children at all
sites. Some of the problems involved in the use of slope factors have beea discussed by the
U.S. Environmental Protection Agency (1989a) and by Brunekreef et al. (1984). In the
development of improved lead models (U.S. Environmental Protection Agency 1986, 1989a),
the following points were discussed:

(1) Slope factors are a function of many factors: media ingestion rates;
bioavailability and absorption of lead from the medium; and biological
kinetics of lead retention and elimination in the child. Biological and
physical differences between sites and study populations cannot be
incorporated explicitly and quantitatively into regression slope factors

(2) Slope factors for a single medium, such as lead in air or lead in soil, may
provide only a very incomplete picture of total lead exposure from a
particular source, evea if the source is identified with the medium.

A single medium such as househoid dust may contain lead from many
sources, and lead from a single source such as exterior lead-based paint
may contribute to several exposure media pathways to the child.

Therefore, in 1985, the EPA Office of Air Quality Planning and Standards (OAQPS)
initiated a project that would allow the calculation of blood lead concentrations in children
exposed to differing arrays of concentrations of lead in air, soil, and dust. This model,
called the Uptake/Biokinetic (or UBK) model for lead, was a computer simulation model
based on the biokinetic model for lead in children developed by N. Harley and T. Kneip
(1985). The biokinetic parameters for the UBK model were extrapolated from long-term
feeding studies on infant and juvenile baboons (Mallon, 1983), autopsy data on human
children, human infant feeding studies, and other sources. The exposure model that was
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coupled to the biokinetic model was developed by OAQPS. Model calibration and validation
was done using data from the 1983 EPA/CDC/Montana study on children in East Helena,
Montana, who lived in the vicinity of a large primary lead smelter. The modeling approach
was reviewed and approved by EPA's Clean Air Science Advisory Committee (CASAC) in
1990.

The overall framework of both the UBK and IEUBK models is shown in Figure 1-2.
The oval shapes show environmental lead concentrations and the funnel-shaped symbols show
lead intake from the ¢environment at the portals of entry, the lung and the gut. These are the
exposure/intake components of the [EUBK model. The next large rectangle shows the gut
not only as the main portal of entry for lead from most exposure media, but also as the site
for key absorption/uptake components of the IEUBK model for the evaluation of lead from
soil, dust, diet, and drinking water. The very large rectangle shows the child’s blood lead,
partitioned into plasma-extracellular fluid and red blood ceils. The two boxes to the right of
- the blood lead pool sketch the bone and soft tissue pools, and the elimination pathways are
=shown as circles. The right-hand box shows the blood lead concentration in the child, and
the subdivisions show the estimated contribution of each medium to the child’s blood lead
sconcentration. In the example in Figure 1-2, we have assumed that all external lead media
“have been used in the [EUBK model, as have all internal lead sources. There is no
unattributable component called "background”. The attribution of specific fractions of blood
lead to uptake from specific media is not as subject to statistical artifacts, since pathways
from soil lead and air lead to dust lead are also included in the IEUBK model.

In all particulars, the present version of the model, the IEUBK model, may be
considered an enhancement and extension of the UBK model. Theoretically, in situations
where the child has constant long-term or chronic lead exposure, both the slope factor
approach and the UBK model (now the IRUBK model) should produce similar resuits when
sufﬁcientdaﬂexisttocoﬂacdychmiuhdexpom, absorption, and biokinetics.

‘l‘helEUBxModeladdlumthmwg paradigms of environmental risk
assessment.

(1) Assessments that recognize the multimedia nature of exposures to
eavironmental toxicants are a significant improvement in assessing health
risks. Assessments restricted to single pathways of exposure can overiook
situations where integrated multimedia exposures are high enough to
trigger heaith concerns. The lead model is structured to integrate
exposures occurring through air, water, food, soil, and dust in estimating
the blood lead levels in children in realistic eavironmental settings.
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Figure 1-2. Components of the IEUBK Model, showing environmeatal exposure sources
and pathways, absorption compartmeats, critical body tissue
compartments, and elimination pathways.

(2) Pharmacokinetic information can streagthen the validity of eavironmental
health assessments in comparisoa with more traditional methods that
address only external dose or intake of a compound. Internal measures of
dose that are pertinert to the biological effects exerted by a compound
form an improved metric for risk assessment. The IEUBK estimates of
blood lead concentrations as an internal indicator of potential beaith risk
are based on pharmacokinetic modeling of lead absorption, transport,
redistribution, and elimination.

(3) Environmental assessments need to address the substantial variability in
exposure and risk resulting from these factors. Single point estimates of
exposure or risk are of limited utility. Individuals differ in their
surroundings, bebavior, and physiological status. The Lead Model
addresses variability through the estimation of probability distributions of
blood lead levels for children exposed to similar eavironmental
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concentrations of lead. Through systematic application of the model, data
on the variability of levels of environmental lead contamination can be
translated into estimates of the distribution of blood lead levels within
populations of children.

1.1.4 Using the IEUBK Model for Risk Estimation

The [EUBK Model for lead is designed to facilitate: (a) rapid delineation of the
relationship between environmental lead and blood lead in children; and (b) calculation of the
risk of elevated blood lead (i.c., the probability of a given child or a group of children
having blood lead concentrations exceeding a specified level of concern). As such, the
IEUBK Model provides a tool for site-specific risk assessment for young children exposed to
lead from different media and through different pathways in their environment, with
particular emphasis on lead in air, water, soil, and household dust. Many other applications
are possible. The intended applications of the [EUBK model are to:

(1) Provide a summary of childrea’s long-term, prunan]y residential,
exposure to lead;

(2) Provide a best estimate of the geometric mean blood lead concentration
for a typical child aged 6 to 84 months, assumed to reside at a given
residence;

(3) Provide a basis for estimating the risk of elevated blood lead (i.e., for
exceeding a designated blood lead concentration of concern) for a
hypothetical child of specified age with givea site-specific residential lead
exposure;

(4) Provide a basis for estimating the risk of elevated blood lead
concestrations among early pediatric populations in a givea neighborhood
by aggregating the individual residential risk estimates;

(5) Predict likely changes in risk of elevated blood lead concentrations from
exposure to s0il, dust, water, or air lead following abatemeat actions
designed to reduce exposure levels from one or more eavironmental
media;

(6) Provide assistance in determining appropriate soil or dust lead target
cleanup levels at specific residential sites;



(7) Provide assistance in estimating blood lead conceatrations associated with
soil or dust lead concentrations at undeveloped residential sites that may
be developed in the future.

Each of these applications is discussed in more detail in Chapters 2, 4, and 5. The [EUBK
model has been used for many purposes in addition to those for which it was originally
intended. We are sure that the [EUBK model will continue to be used in many unintended
and unexpected applications, just like any other new tool that has multiple uses. Some of
these new applications are valid, others are demonstrably iavalid, and the validity of many
applications is simply unknown.

The risk estimates are calculated for a hypothetical child or a hypothetical population of
children who could be occupying the specific household at the time of the measuremeats or
at some future time. The IEUBK model can therefore be used to estimate the risk of
elevated blood lead even when there are no childrea curreatly living at a house, or if there
exist only eavironmental lead data for the dwelling unit. The model does not require that a
neighborhood or community blood lead study be carried out. The user should be aware that
a site-specific risk assessment requires site-specific soil and dust conceatrations, and some of
the absorption parameters may depead on specific characteristics of the soil and dust at the
site. The IEUBK model accepts user inputs for site-specific differences in bioavailability of
lead in different media, and site-specific differences in environmental lead pathways for
different lead sources.

1.1.5 Validation of the IEUBK Model

What does it mean to say that a computer simulation model is “valid®? In general, we
interpret this to mean that:

¢ the model is biologically and physically plausible and incorporates the best
available empirical data on parameters; r

¢ the model uses numerically accurate algorithms and the accuracy of the
computer codes for these algorithms has been verified;

o the model provides some satisfactory empirical comparisons of model
output with real-worid data.

We believe that the scientific basis and computational correctness of the [EUBK Model is
sound, and that the IEUBK model provides valid prediction of observed blood lead
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concentrations from representive populations of children with typical exposure. The
empirical comparisons in which there are differences between observed and predicted biood
lead concentrations underscore the impoiunce of valid exposure scenarios as input. They
also show the importance of valid blood lead data from truly represeatative population
sampling methods when interpreting these empirical comparisons.

1.1.5.1 The Model Is Biologically and Physically Plausible
The parameters and equations used in the model are documented in the Technical
Support Document: Parameters and Equations Used in the Integrated Exposure Uptake
Biokinetic Model for Lead in Childrea. The exposure model component is based on data for
human children in most instances, with lead exposures that are characteristic of children in
the U.S. since about 1980. The ingestion parameters are based on surveys for drinking
water and tap water (Ershow and Cantor, 1989), market basket estimates of dietary intake
(Pennington, 1983; Gartrell, 1986), and on observational studies-of soil and dust ingestion
for children in the U.S. (Binder et al., 1986; Calabrese et al., 1989, 1992a,b, 1993; Davis
-et al., 1990). While these studies have not resolved all of the uncertainty in childhood lead
- exposure, especially from sources such as lead-based paint, they have provided a much more
realistic basis for quantitative modeling. The exposure component of the [IRUBK model
-extends the UBK model assumptions (U.S. Environmental Protection Agency, 1989a) that
have been reviewed by CASAC (1990).

An absorption component was developed for the [EUBK model based on evidence
discussed in Section 4.1. This evidence includes in vivo data in infant and juvenile baboons
and human infants whose intake of lead is observed and known (Mallon, 1983; Sherlock and
Quinn, 1986). The model has two modes for absorption, saturable and non-saturable. In the
non-saturable mode, absorption of lead is a constant fraction of the total lead ingested for a
specific medium. The saturable mode follows the Michaelis-Menten kinetics for saturable
absorption as proposed by Aungst and Fung (1981). Developmeat of the algorithm is also
based on data from lead halance and feeding studies in buman infants and childrea
(Alexander, 1974a,b; Ry. et al., 1983, 198S; Ziegler et al., 1978).

The compartmental structure of the earlier biokinetic model is based on compartmental
models for lead in adults as discussed in detail in the Air Quality Criteria Document for Lead
(U.S. Eavironmental Protection Agency, 1986). The model was verified and extended based
on studies in infant and juvenile baboons (Mallon, 1983) whose age (S to 26 moaths) and
size (2.5 0 6 kg) are only slightly smaller than those of human childrea. The biokinetic
distribution and elimination parameters use ratios of lead concentrations in tissues and blood
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following chronic exposure. The ratios of lead concentrations in tissues of human children
from autopsy data (Barry, 1975, 1981) were used to adjust the baboon’s biokinetic
distribution parameters to human infants and children (Harley and Kneip, 1985). The
biokinetic parameters for baboons were re-estimated using the compartmental structure of the
current [EUBK model (Marcus, 1992). The tissue-to-blood concentration ratios from the
human child autopsy data were incorporated in the IEUBK model, assuring complete
consistency with the best available data.

1.1.5.2 The Model Is Computatiounally Accurate

The IEUBK model uses a fast and accurate one-step numerical integration method
known as 'backward Euler’, with user-adjustable time steps to verify numerical accuracy of
the solution. Coding of the model equations was verified by a separate recoding of the
model in another programming language. Indepeadent code verification will be described in
forthcoming Technical Memoranda (see Section 1.2.2).

1.1.5.3 Empirical Comparisons of the Model

Comparison of the [EUBK model output with empirical buman blood lead data has two
requirements. The first requirement is that the child’s total lead exposure is completely and
accurately characterized by the empirical data, including site-specific data on eavironmental
lead concentration, media ingcsticn, and bicavailability. The second requirement is that the
blood lead data from the field study are accurate and typical for that exposure scenario.
A typical child may not have the exposure described by the measured and default parameters
of the model, or a child may aiso respond atypically to the measured and default parameters.
The solution is to find the correct set of parameters (measured or site-specific alternatives to

default) that describes the child's site-specific exposure or response to exposure.

Environmental lead concentrations and biood lead measurements are subject to
measurement errors such as repeat sampling variability and analytical error.  Without careful
atteation to quality assurance/quality countrol (QA/QC) procedures, there may be systematic
biases in biood lead measurements. The results-of the biood lew. field study may also duifer
from the model predictions for typical children if the blood lead sample is not representative
of the population being sampled.

Validation by empirical comparisons with paired data sets of good quality is an ongoing
process. In earlier versions of the model, empirical comparisons indicated satisfactory
agreement between observed and predicted blood lead concentrations. Several data sets have
been identificed that are of adequate data quality for evaluating the validity of the [EUBK
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Model, and more data sets are expected 10 become available in the future. The Field Study
Data Set Comparisons document referred to in Section 1.2.2 will discuss the results of these
analyses. Comparisons of empirical data with the [EUBK model require appropriate site-
specific exposure scenarios, valid assumptions about bioavailability, and demonstrated
representativeness of the sample of children recruited into the study in relation to the target
population from which they were drawa.

Our preliminary analyses of several data sets so far indicate that the model satisfactorily
predicts blood lead concentrations for the overall sample populations in specific
neighborhoods. Further analyses will be needed to determine if empirical comparisons are as
strong for subpopulations defined by factors such as differences in age, differences in contact
or behavior that affected the amount of soil ingested, suspected or possible differences in
bioavailability, differences in coatribution of soil to household dust, and ideatifiable biases in
recruitment of children. More extensive evaluation of these datasets will be described in the

—Field Study Data Set Comparisons document described in Section 1.2.2.

Careful determinations should be made by users with regard to how well default values
specified by this manual for key exposure and demographic parameters apply to the particular
ssample of children (or subpopulations) being evaluated. Appropriate adjustmeats made in
pertinent default values may notably improve the fit of the model to empirical data. We
caution the user not to arbitrarily select alternate values for the default parameters, but rather
-to obtain site specific or population specific data on important parameters.

1.2 ORGANIZATION OF THE MANUAL
1.2.1 Increasing Levels of Guidance and Technical Assistance

This manual is designed to provide you with *he information you need at several levels
of detail. The further you read into manual the more specific guidance you will find for
using the model. By the time you have finished reading Chapter 1, you should have a
general understanding of how the model works and what it can do. You may want to wnstall
the model and then work your way through Chapter 2 as you become more familiar with
each feature of the model. Instructions for installing the model are found in Section 2.4.

As you explore the various features of the model, you will become familiar with the
menus and their options. An overview of the menu system is in Section 2.1, and a detailed
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description of these menus can be found in Section 2.2. This is the section that the novice
user will want to follow closely. In a guided tour through the menu system, you will find
that each menu option becomes a part of the process of constructing a model "run,” and that
these runs may be as simple as determining the blood lead concentration using only default
exposure conditions, or as complicated as neighborhood risk estimation caiculated as the sum
of individual risks. Many of these options were suggested by comments received during the
extensive review of drafts of this Guidance Manual.

As you begin to apply the model to a specific risk assessment situation, you will find
that Section 2.3 contains detailed recommendations for building an exposure scenario. This
section also contains a helpful worksheet for planning model runs. Follow this section
closely, as it contains many helpful suggestions on the appropriate use of the model, as well
as warnings of improper applications. In Chapter 4, you will find a detailed discussion on
assessing the relationship between soil/dust lead and blood lead. This chapter also describes
the biokinetics of the model and specific issues in the use of the model for the ingestion of
paint chips. If you need more help, turn to Chapter 5, where several specific examples are
available to guide you through some of the more complicated procedures. As you become
more experienced, you will find Chapter 3 a quick and ready reference to the various menu
options. This chapter also contains a comprehensive review of default parameters.

1.2.2 Additional Documentation

Additional technical documents are or soon will be available to supplement the IEUBK
Model and this Guidance Manual. These are:

¢ Technical Support Document: Parameters and Equations Used in the
Integrated Exposure Uptake Biokinetic Model for Lead in Children—a
description and documentation of all equations and parameters in the model;

¢ Field Study Data Set Comparic' 1s—a description of several validation
exercises that have been or will shortly be carried out;

¢ Sampling Manual—approaches and protocois for eavironmental and
biological sampling for collection of data compatible with the [EUBK
Model;

¢ Technical Memoranda—occasional technical updates that will be released to

explain some features in greater detail or to alert the user to possible
misapplications of the model.
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1.3 GETTING READY TO USE THE MODEL

1.3.1 Preparing a Site-Specific Exposure Scenario

The use of the [EUBK model requires input data that are appropriate to the site(s) and
subject(s). The most convenient way to do this is to construct a multi-media, site-specific
exposure scenario using the exposure scenario worksheet (Figure 2-11; see Section 1.4.3).

For most assessmeats of lead-contaminated soils, the minimal site-specific data are the
soil lead and indoor dust lead conceatrations for the residential exposure unit. Additionally,
it would be newptul to include estimates of specific exposures from diet, drinking water, air,
maternal exposure, or other sources that could replace the default exposure parameters
believed to be of concem at the particular site.

There may be potentially important differences among sites, and predictions of blood
lead values are expected to become more accurate as more site-specific data are added.
- Children at highest risk are those with the highest exposures to some lead-containing
-medium. Data should be collected at a site 30 as to identify locations in the residence or
~community where young children may be exposed to elevated levels of lead in soil, dust,
water, or air. Housebold-level data are useful because proposed soil, dust, and paint
abatements are usually based on the house and yard as the most likely sources of lead
-exposure in preschool children. High exposures from lead in the household water
distribution system are also possible, and this source has been identified in some childhood
lead poisoning cases (Cosgrove et al., 1989). -The preferred level of eavironmental input
data for the model can be derived from a compreheasive multimedia household
environmental lead study.

The households studied should be representative of housing or sites where young
children currestly reside, as well as the places where young childrea may live in the future.
In many applications, you will also need to include existing homes not oc.upied by children.
These can usually be addressed in the same manner as housing currently occupied by
children, using specific measurements of various eavironmental media iead concentrations.
Risk assessments addressing as yet unbuilt housing should use existing residential site soil
concentration data.

Predictions of blood lead concentrations may improve with better information on lead
concentrations where the child speads time during the day, or oa child-specific behavior.
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Activity pattern analysis, based on data taken from questionnaires and family interviews, can
be useful in identifying children currently at risk, and in determining site-specific differences
in behavior or access to lead sources that may differ in bioavailability. Public education and
parental awareness of lead hazards may reduce the amount of lead in soil and dust ingested
by the child, and quantitative studies of the effects of such actions are currently in progress.

Exposure of children in day care centers, playgrounds or open areas may substantially
affect total exposure to lead when potential lead exposures in such areas are high. These
cases need to be considered in site risk assessmeat. The IEUBK Model allows dust and
drinking water ingestion components to be separated into household and non-household
sources by allocating a percentage of dust and water intake outside the home to sources with
other concentrations. Time-weighted average air lead exposures are believed to be adequate
indices of lead intake by inhalation in home and non-home settings under most circumstances
and are used in the model. However, there is presently little information on the use of time-
weighted averages for ingestion of soil, dust, or water away from the home. Soil and dust
ingestion depends on children’s activities, on hand-to-mouth behavior, and on inteasity of soil
contact related to sources and pathways away from home.

In addition to exposure, the IEUBK Model also allows site-specific information on the
bioavailability of lead from various sources to be taken into account. Bioavailability
describes the relationship between the potentially available lead intake from environmental
media and the amount of lead entering the body through the lungs or the gut and then into
systemic circulation.

You should be alert to the possibility that there may be site-specific differences in
bioavailability of lead at different sites, particularly with respect to soil and paint. Some
factors that may affect bioavailability include chemical speciation of lead in soil or paint, size
of particles, mineral matrix of the particles, and whether the particles are likely to be
ingested by the child along with meals or on an empty stomach. These are discussed in
Section 4.1. Ma.y of the issues are subtle and should be referred to the EPA Technical
Review Workgroup for Lead.

In some cases, relatively non-available eavironmental lead in s0il or paint can be
converted into readily available lead particles in housebold dust by physical and chemical
processes in the environment. A housing unit with lead in paint or soil will continue to
generate household dust lead exposure as long as paint deteriorates or is disturbed by
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remodeling, and as long as outside soil and surface dust are moved into the house by pets
and by human activities like gardening and remodeling.

The model default value for the Geometric Standard Deviation (GSD) (reflecting
variability among individuals who have contact with a fixed lead concentration) is based on
analyses of data from neighborhoods having paired sets of environmental concentration and
blood lead data. The recommended default GSD of 1.60 is believed to be very widely
applicable. Only when reliable site-specific paired data from a sufficiently large study are
available, should the substitution of a site-specific GSD be made using guidance given in
Section 4.2.

1.3.2 Understanding How the Biokinetic Component of the Model Works

The general term "biokinetic® is used to describe the movement of lead through various
- parts of the human body as a kinetic process. Current blood lead concentrations depend on
~prior exposure history as well as preseat exposure. With constant lead exposure, a near
zsteady-state blood lead concentration level is achieved because there is a dynamic near-
~equilibrium betweea lead moving out (from blood plasma to peripheral tissues and through
=excretory routes), and lead moving in (to plasma from gastrointestinal uptake and
remobilization into plasma from peripheral tissues and long-term bone storage).

The [EUBK Model assumes that skeletal lead turnover occurs relatively more rapidly in
children than in adults. The lead in a child’s blood is thus a mixture of lead taken up from
receat environmental exposure and lead released from skeletal stores that reflect historical
exposures. However, the faster turnover time assumed for childrea compared to aduits
implies that the lead burden in the skeleton is a smailer fraction of total body burdea in
childrea than in aduits. The skeletal contribution to blood lead thus increases as the skeletal
fraction of total body burden of lead increases.

The blood lead concentrations in children achieve nearly a steady state relationship with
exposure within a period of months after changes in exposure. The situation in children is
more complicated than in adults because the kinetic parameters also change with the child's
growth and with changes in behavior that affect lead intake, absorption, distribution, and
climination. The model is adequate to estimate childhood biood lead concentrations in near-
equilibrium or in slowly changing exposure settings, as may be attained some time (months)
after abatement occurs. The gradual phase down of lead in gasoline would be an exampie of
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changes that occurred slowly enough in most urban areas to permit accurate modeling of
blood lead concentration changes accompanying the air iead concentration changes.

1.3.3 Understanding Limitations of the Model

The IEUBK Model is designed to evaluate relatively stable exposure situations, rather
than rapidly varying exposures. The model does not report each iterative calculation; rather,
it reports one-year average blood lead concentrations. Because the IEUBK Model allows
changes in exposure to environmental lead concentrations only at one year intervals, and
provides output at only one year age intervals, changes in exposure are smoothed over one
year. ihe model cannot be used to predict the effects of short term exposure episodes, such
as exposure over a few days or weeks to lead dust and airborne particles that may be
generated during lead paint abatement. The [EUBK Model should provide reasonable
accuracy for blood lead concentration prediction as long as the changes in these
environmeantal lead concentrations can be approximated by annual average values.

The model is intended to describe a single residential-level exposure setting. The
dwelling unit could be a detached single-family home, a separate home in a multiple-unit
building such as a row house or duplex, or an apartment in a mulitiple-unit building. There
is an implicit assumption that the input parameters characterize long-term resideatial
exposure scenarios in such settings. While exposure changes daily in response to changes in
the child’s diet and activity, there is presumably a true mean exposure level that can, in
principle, be estimated from real-life samples. For this reason, the [EUBK model allows
changes in air, food, dust, and s0il lead exposure input parameters only at 1-year intervals.
Although water lead exposure could, in principle, be bandled in similar detail, the [EUBK
model does not allow anmual changes in drinking water lead during the model run. The
IEUBK model includes some capabilities for dealing with lead exposures outside the home,
such as by use of separate dust ingestion parameters and concentrations at day care centers,
schools, and secondary residences.

We recommend using a simple average or arithmetic mean of s0il lead conceatrations
from a representative area in the child’s yard, and an average of dust lead concentrations
from representative areas frequented by children inside the house. This rationale is
appropriate for areas that are sufficiently small so that any part of the area may be accessible
to a typical child living at a random residence located within the area.
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The [EUBK model calculates blood lead and tissue lead burdens for all ages from O to
84 months. However, the blood lead concentrations in children less than 6 months of age
will still be affected by pre-natal lead exposure and are likely to show little influence from
exposure (o soil, dust, and paint, which are the media currently of greatest interest. The
resuits of the model simulation are therefore not reported for children younger than
6 months. '

There are many reasons why individual blood lead concentrations may differ from the
predicted geometric mean blood evea though the predicted mean accurately describes the
population. Some of the. componeats of individual differences are discussed in Section 4.2.
The GSD is the only parameter in the model that characterizes the combined variability in
blood lead attributable to inter-individual differences and "random" temporal variability in
absorption and biokinetics, "random"” behavioral changes and inter-individual differences
affecting ingestion rate, and measurement errors in eavironmental lead concentration. The
strength of this approach is that GSD estimates are based on empirical data on the variability
of ‘blood lead levels in children exposed to similar concentrations of lead. Other approaches
to >valuating the effects of variability, such as Moate Carlo simulation, were deferred for the

- present version of the IEUBK Model, because they demanded excessive computation and
-require much greater amounts of model input data. Monte Cario methods, however, are still
being evaluated as a possible enhancement of the [EUBK model, as discussed in Section 1.5.

1.4 RUNNING THE MODEL
1.4.1 Your Responsibilities

The IEUBK model provides a great deal of flexibility in describing site-specific or age-
dependent exposure scenarios. The price for this level of flexibility is that no exposure
scenario is appropriate for every application of the IEUBK model, and this is particularly
true of the “defimit” parameters. The responsible use of the IEUBK model requires input
data that are appropriate to the site(s) and subject(s). The most conveaient way to do this is
to use the exposure scenario worksheet (Figure 2-11; see Section 1.4.3).

The most seasitive parameters for most applications involving soil lead exposure are the
soil-to-indoor dust transfer coefficient, the s0il and dust ingestion parameters, the soil lead
absorption fraction, and the Geometric Standard Deviation. You should always review these
parameters.
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Factors affecting transport of soil lead into household dust shouid be noted when
appropriate. For example, houses with very small grass-covered yards are likely to have a
smaller contribution of the yard's soil lead concentration to household dust lead concentration
than houses with large yards, no grass cover, and fine uncompacted surface soils that are
easily blown or carried into the house by humans and outdoor pets. While the conceatration
of lead in exterior dust derived from the soil may be a useful measure of exposure, these
data are not usually available because exterior surface dust samples are not usually collected.
You are always responsible for the decision to use default values in place of either measured
dust lead conceatrations or dust lead concentrations estimated from soil lead concentrations.

The proportion of intake in the form of soil vs. dust should be considered carefully, as
there may be differences in the bioavailability of lead in s0il vs. lead in house dust even
when much of the dust is derived from soil. In spite of considerable efforts to determine the
ingestion intake of soil and dust by children, these values are still subject to uncertainty.
Site-specific data on soil ingestion by children are rarely available, but would be valuable in
modeling site-specific exposure to lead. Only limited information is available about the
effacts of the child's micro-eavironment on 0il and dust ingestion, with evidence suggesting
much larger intakes of soil for children in intrinsically dirty eavironments such as
campgrounds, and lower soil intake for childrea who spend much of their time in cleaner
environments such as day care ceaters.

You are responsible for the choice of non-default bioavailability parameters.
Bioavailability parameters may differ among sites. Noa-default bicavailability parameters
may be justified by experimental studies with the actual site materials, assessmeats of other
sites with similar materials, or site specific information on properties of particles that may
affect bioavailability.

The Geometric Standard Deviation is not considered a highly site-specific parameter,
and should normaily be kept at its default value of 1.60. If you use some other value, you
should document the reasons for this modification, since risk estimates are typically very
seasitive to the GSD value used.

1.4.2 Exploring Model Options

The IEUBK model has a large oumber of options. You are eacouraged to explore these
options before doing any substantive analyses, because there are often several alternative
methods that can be used to obtain model outputs. These options are identified in Chapter 2.
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They include alternative source menus for soil and dust lead, dietary lead, and lead in
drinking water. The soil/dust lead menu includes options for air-to-dust and soil-to-dust
transfer coefficients, as well as for non-household sources.

There are options beyond single runs of the model. These include multiple runs for
overlay plotting of probability curves, for plotting blood lead vs. environmental media lead
concentration, and for multiple runs (batch mode input) for each of a group of individual
children of different ages using child-specific data.

The multi-media bioavailability meau includes options for changing the passive vs.
facilitated absorption of lead from all media. The half-saturation uptake, a parameter that
determines the extent of non-linear or saturable absorption, may also be changed from the
normal default value of 100 ug Pb/day.

Run options include the choice of an iteration time step. With low exposure and no

year-to-year change in concentration, as used in the "Default” option, there should be no

- differences in output using other iteration time steps. Differeaces in blood lead of a few

-percent may occur with higher and rapidly changing exposures. For a single run, almost any
'PC (XT or later) will produce a snlution within 60 seconds, even without a math
coprocessor, with the default itaration time of 4 hours. However, with a batch mode input
file of several hundred records, the simulstion run may take many hours. In this case, you
may select a longer iteration time and speed up the run for a preliminary analysis. If you
use a longer time step, you should verify accuracy using records with high exposure or large
changes in exposure.

1.4.3 Documentation of Input Parameter and Data Flles

By reviewing every adjustable parameter in the model and noting which ones have been
modified in a particular run, you have a permanent record of the input. An electronic copy
of the exposure input parameters can be made using the parameter SAVE option. Distinctive
names for parameter files ([name].SV3), input data files ([name). DAT), simulation run files
(RESULTS.TXT), batch mode output files ((name]. TXT and [name). ASC), probability plot
overlay files ([name].LAY) and blood lead vs. media concentration files ([name]. MED) may
be used to document input specifications as well as output.

The worksheet provides a conveaient format for noting reasons for use of non-default
parameters, or justification for use of default parameters. For example, soil lead
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concentrations and dust lead concentrations could be measured values at each house.
Repeated values of household data would be used to weight the statistical results from batch
mode files. Missing value imputation methods should be ideatified, for example, "KID ID
= 17,22,35, missing dust lead concentration estimated by PbD = 180 + 0.28 * PbS." This
is critical information in allowing other users to reproduce your results (including yourself,
since it is unlikely that most users will be able to recall over one bundred model parameters
after the passage of some months or years).

1.4.4 Documentation of Model Output

1.4.4.1 Selecting Output Alternatives
Results of IEUBK model simulations may be saved in several forms. You should select

in advance the most useful of these forms, since the results of some interactive simulations

cannot be recovered once you have bypassed the opportunity to save the results. Choices
are:

(1) A sequence of single simulation runs. Sequential runs can be interactively
appeaded to the file named RESULTS.TXT. Theaven;eoft.he
geometric mean blood lead concentrations for children in
one-year age intervals, the input concentrations for several media, and the
media-specific daily i>ad uptake for each year are saved. You must use
the "Save” option at the end of each run to be saved, but this allows you
to drop results from non-informative runs rather than save them.

(2) A sequence of graphics overlay simulation ruas. The muitiple plot option
saves input data for blood lead probability plots for a range of evealy
spaced media lead concentrations. For example, you may geaerate plot
data for soil lead concentrations of 250, S00, 750, and 1000 ug/g, for
children of ages 12 t0 24 months. The data in the [pame].LAY overlay
file includes the geometric mean blood lead for children in the age range,
the lead concentratios in soil and in other media. The actual plots of
probability deasity or cumulative distribution functions depend oa the
GED value selected, and thees plots include the probability of exceeding
the user-specified LOC for use ia risk estimation. Probability plots may
be printed on standard laser printers.

(3) A sequeace of blood lead vs. media lead simulation runs. The media
range option saves input data for blood lead vs. media lead plots for a
range of evenly spaced media lead concentrations. For example, you may
geaenate plots of blood lead vs. s0il lead concentrations smoothly
interpolated from calculated values at 250, 500, 750, and 1000 ug/g, for
children of ages 12 to 24 months. The data in the [zame]. MED overiay
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file includes the geometric mean blood lead for children in the age range
at the selected media lead concentrations, the lead concentration in soil
and in other media. Plots may be printed on standard laser printers.

(4) Batch mode simulation runs. The batch mode option requires an input
data file, as described in Chapter 2. Output consists of user-named files
{name]. ASC and {name]. TXT that contain predicted blood lead
concentrations for each case or record (child) in the input data file. The
output files also document the missing value imputations when some of the
input data on residential lead concentrations in air, water, soil, or dust are
missing. The files may be used as input for the statistical analysis
programs in the companion PBSTAT program, which produce statistical
and graphical comparisons of the observed and predicted blood lead
concentrations.

1.4.4.2 Understanding the Output

You should carefully review the output options described in Section 1.4.4.1. Each
option allows you to examine a differeat aspect of the IEUBK simulation. The numerical
simulation componeat of the IEUBK model produces an estimate of a geometric mean blood
lead concentration for children of a given yearly age. This is the average of the estimates for
children during that one-year interval. The IEUBK mode! arrives at these estimates by
calculating at each time step an updated estimate of all compartment lead masses, or
equivalent tissue lead concentrations. The update algorithm combines uptake of lead from
the environment with all of the movements of lead into each compartmeat from another
compartment, or out of each compartment, either into another compartment or by elimination
from the child’s body. In this version of the IBUBK model, the output consists of the daily
uptake rate (intake rate times fraction absorbed) for each medium, and the blood lead
conceatration, as annual averages.

The output from a single simulation run may be displayed in several forms. Most users
wish to see the ~riability associated with a predicted blood lead concentration. This range
can be demonstrated graphically by selecting the intrinsic variability GSD and thea plotting a
cumulative probability distribution. The range of plausible blood lead values may be
determined graphically as defined by upper and lower perceatiles of the distribution. For
example, the 5th and 95th percentiles of the distribution will include 90 perceat of the
children with the givea site-specific or household-specific exposure scenario. Since
"plausible range* requires a subjective choice of perceantiles, you are free to choose any
appropriate values. Since the predicted geometric mean blood lead conceatration is based on
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an a priori mathematical simulation and not on a data-driven statistical estimate, ttus plausible
range sh :ld never be considered as equivalent to a confidence interval.

The other output characteristic that many users wish t0 see is the estimated probability
of exceeding the specified blood lead level of concern, corresponding to the given exposure
scenario or scenarios (for multiple runs in a given medium). This also requires a GSD
value. This probability may be interpreted as the percentage of children with the given
household-specific exposure scenario who are expected to exceed the level of concem.

If applied to a single site or residence, it may also be interpreted as the probability of
exceeding the level of concern for any single child who may reside at that site in the future.

1.4.4.3 Interpreting the Output and Communicating the Resuits

The model calculates the probability that a blood lead concentration derived from the
model’s specified parameters will exceed a level of concern specified by the user. There are
two valid interpretations for the output:

(1) The output of the model may be considered to be the best estimate of a
plausible range of blood lead conceatrations for a hypothetical child with
a specific lead exposure scenario. The range of values is ceatered on the
geometric mean blood lead concentration expected for a typical child with
this exposure scenario. The upper tail of the probability distribution
provides an estimate of the risk of exceeding some blood lead level of
concern for a typical child of that age residing in the same household and
with the same exposure history.

(2) The output of the model may also be considered to be the predicted
geometric mean blood lead of & popularion of children with the same lead
exposure scenario, and the upper tail of the probability distribution to be
the fraction of children exceeding the chosen blood lead level of concern
when all of these children have the same exposure history.

The amay of applications for which the [IEUBK model can be validly used is:
A: One location
Al: one living unit, one child;
A2: one living unit, more than one child;
A3: more than one living unit, more than one child, homogeneous media
concentrations;

B: Multiple locations, one neighborhood, homogeneous media concentrations
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C: Multiple locations, one neighborhood. heterogeneous media
concentrations;

D: Muitiple locations, more than one neighborhood, heterogeneous media
concentrations;

A single run of the IEUBK model is sufficient for categories A and B. A classification
or disaggregation of the neighborhood into distinct exposure subgroups is required in
categories C and D, with the possibility of different ingestion or absorption parameters for
different neighborhoods in category D. Neighborhood-scale and community-scale risk
estimation requires aggregating the risk estimates for individuals or subgroups.

The differences between these levels is sketched in Figure 1-3. Category A requires
calculating only a single blood distribution. Category B requires calculating a blood lead
distribution for each child, but since each child of the same age has the same exposure
_ scenario in category B, a single run of the model is sufficieat to characterize risk for this
. subgroup. In category C, there are differeat exposure scenarios for each subgroup. Risk
estimates must be calculated for each such subgroup, then added up across sites and children.

The model output in category A: Single child, single site of exposure, includes a blood
lead concentration, a distribution of blood lead concentrations, and a probability of exceeding
the blood lead level of concern. Since children in eavironmeats with the same lead exposure
may have a range of blood lead concentrations, we describe the likely variability in blood
lead for a child with a given exposure scenario by a probability distribution. The predicted
blood lead concentration is the geometric mean of the distribution of blood lead
concentrations that may occur for a typical child with the specified exposure scenario. Risk
is calculated from this distribution as the probability that a hypothetical child living at this
site, with the specified exposure scenario, will bave a blood lead concentration exceeding the
blood lead level of concem. This single-child assessment is necessary in order to use the
model to evaluate remediation options on a house-by-house or yard-by-yard basis. The
single-child assessment also provides a ‘terion for model testing and validation using
epidemiology data.

The model output in category B: Multiple children, single site or equivalent sites of
exposure, is the predicted blood lead conceatration for each child as the geometric mean of
the distribution of blood lead conceatrations that may occur for each child with the specified
exposure scenario. Risk is calculated by aggregating the calculated risk for each child as the
percentage of hypothetical childrea living at this site or at these sites, with the specified
exposure scenario, that will have a blood lead concentration exceeding the blood lead level of
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Figure 1-3. Categories of application of the [EUBK Model.

concern. The calculation is exactly the same as the single-child assessment, but there is an
important shift in interpretation of the output.

There are situations in which a single site really can have multiple childrea of the same
age with the same exposure scenario. A single housing unit may be occupied by several
housebolds with pre-school children of the same agc. Rental properties may be occupied in
succeeding years by different families, each of which may have a pre-school child of the
same age with virtually the same exposure as occupants in other years. In general, the
multiple-child or population exposure scenarios would be applied to a hypothetical population
of occupants.

Neighborhood-scale risk estimation is discussed in Section 4.2, with examples. The
model output in C: Multiple children, multiple sites with differeat exposure, cannot be
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obtained by a single run of the [EUBK model. It is necessary to construct an exposure
scenario for each distinct exposure subgroup in the population. For each child or exposure
subgroup, risk is calculated in a single run of the [EUBK model with the specified exposure
scenario. The risks for each exposure subgroup are aggregated across all subgroups,
weighted by the number of children with that exposure scenario or by the perceatage or
likelihood of the exposure scenario.

There is no one-step method by which neighborhood-scale risk estimation can be done
using tnis version o: .h¢ [EUBK model. The problem of risk estimation for children in a
large community or a region is even more difficult when different subgroups of children may
have very different exposure scenarios, including differences in behavior that affect
ingestion, and differences in lead absorption due to behavioral or nutritional differences.

A common misinterpretation of the IEUBK Model is that it predicts community
geometric mean blood lead and the fraction of children at risk whea the input is the mean or
geometric mean of housebold-specific eavironmeatal lead concentrations. That mis-step can
be misleading, particularly whea the eavironmeatal variables have a wide distribution among
the neighborhoods of the community. This misinterpretation is especially dangerous for post-
abatement settings intended to eliminate the higher exposures whea there are multiple
exposure media. A correct approach requires applying the model to each individual home or
site using the lead concentrations seen at that site and combining these results as an aggregate
of sites in several neighborhoods to form an estimate of community risk. A second useful
approach is based on subdividing a community into neighborhoods and clusters of residence
units with similar media lead concentrations. Specific information on building appropriate
neighborhood exposure scenarios is given in Section 2.3, Building an Exposure Scenario.
Examples are provided in Section 4.2.

We should emphasize that the [EUBK model is intended to provide a best estimate of
geometric mean blood lead. The IEUBK model is not intended to be used in a worst-case
scenario, as the model does not apply any uncertainty factors or .odifying factors in making
risk estimates. If, as usual, there is some uncertainty about model parameters, these can be
evaluated using seasitivity analyses. Remember that you are responsible for documenting
plausible non-default values.

Uncertainty about parameters is not the same as the intrinsic variability in
environmeatal data and blood lead responses. The componeats of variability are discussed in
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Section 4.2 on the blood lead Geometric Standard Deviation (GSD), which plays a critical
role in risk estimates.

1.5 REFINEMENTS AND ENHANCEMENTS

The biokinetic componeat of the [EUBK model is based on an age-depeadent
compartmental model with identifiable physiological compartments: red blood cells, plasma
and extracellular fluids, kidney, liver, other soft tissues, trabecular and cortical bone
(Figure 1-1). There are many compartmental models in the literature; some with fewer
compartments (Rabinowitz et al., 1976), others with many more compartmeats (Leggett,
1993). The Technical Review Workgroup for Lead was aware of important research in the
development of physiologically-based pharmicokinetic (PB-PK) models for lead in humans,
primates and rats that took into account the slow diffusion of lead through the bone matrix
(O’Flaherty, 1992a,b,c, 1993a,b). However, the Workgroup chose to develop a
compartmental model that uses transfer times or transfer rates between compartments instead
of physiologicaily based compartmental coefficients. The transfer rates can be estimated
from data in non-human primates, especially the studies on infant and juveaile baboons that
were done at New York University (Mallon et al., 1983; Harley and Kneip, 1985).

The IEUBK biokinetic model was based on:

(1) empirical kinetic data on blood lead in baboons of similar weight and
developmental stage to human infants and young children;

(2) kidney, liver, tibia and femur lead concentrations in baboons after the ead
of the lead exposure study,;

(3) autopsy data for lead levels in young children who died from causes not
reiated to lead expasure;

(4) extrapolations frum studies in human adults;
(5) lead feeding and lead balance studies in human infants.
There is, in principle, a degree of similarity between these approaches, since the
compartments in the IEUBK model are defined by real anatomical and physiological

properties. The transfer times from the PB-PK model can be calculated from blood flow
rates to organs and tissue groups, volumes of these organs, partition coefficieats across
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membranes, and solid state diffusion coefficients for the bone matrix. The principal
difference between the biokinetic componeats of the [EUBK and PB-PK models is that. in the
absence of suitable physiological data, empirical data were used in estimating transfer times
in the [EUBK model. Future development of the [EUBK Model is expected to continue in
the direction of physiologically based biokinetic components similar to PB-PK models.

Many users have expressed interest in tools that allow a more detailed investigation of
the effects of non-environmental variability on the distribution of blood lead concentration.
‘The Monte Carlo approach would allow every parameter in the model to be assigned a
random variation at every iteration of the computation. For example, each parameter could
be multiplied by a random factor (mean value 1) at every iteration. This would require that
adequate data would be available to support the input distributions. An extremely large
amount of computing would be necessary. A substantial amount of additional study is
needed before Monte Carlo methods can be added to the IEUBK model.

The [EUBK model currently evaluates children from birth to age 84 months. Many
users have requested extension of the model to other populations, including older children
-and adults, with emphasis on populations at special risk. Both the physiological and
biokinetic parameters of adults are at least as well known as those of children, with the
possible exception of lead distribution within the human maternal-fetal unit. Transfer of lead
from the mother to the neonate during lactation would also be of interest.

1.6 GETTING MORE HELP

As scientific knowledge advances, this Guidance Manual will be updated and revised.
If you have questions regarding the site-specific application of the IEUBK Model, you may
direct your inquiries to the appropriate EPA Regional Toxics Integration Coordinator.
Commeants oa the technical conteat of the manual or suggestioas for its improvemeat may be
brought to the attention of members of the EPA Technical Review Workgroup for Lead " ed
in the front of this document.
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2. A GUIDED TOUR THROUGH THE LEAD MODEL

2.1 THE LEAD MODEL IS DRIVEN BY MENUS

Environmental Protection Agency's Integrated Exposure, Uptake, and Biokinetic Mode!
for Lead in Children (IEUBK Model) is a microcomputer program that performs many
different functions related to estimating blood lead levels in children. The overall model
functions are sketched in Figure 2-1.

i
@ b o

Comparisen of
Model Simuiaters
OptenT)

Figure 2-1. Schematic diagram of the overall functions of the lead model. Numbers in
pentagons indicate sections in this document containing more detailed
information.
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The oval shapes are terminal steps (i.e., the beginning or end of a function or option).
Rectangles show internal processes and rhomboids show user data entry operations or
functions. Diamond-shaped figures are decision points where the user must choose one of
the model options on a list. The "NO" branch usually follows the model's baseline or
"default” parameters and functions. Horizontal and vertical arrows refer the user to another
figure or page.

The [EUBK model is menu-driven, with on-line help available in almost any menu.
The main menu, where any use of the [EUBK model begins, is shown in Screen 2-1. There
are five numbered options: ‘

1. Parameter Input Meau

Air lead menu

Dietary lead meau

Drinking water lead menu

Soil/Dust lead menu

Alternative lead source menu
Maternal lead meau

Load pre-saved parameter input menu
: Return to Main Menu

Araonswun-

2. Computation Menu
1: Run a single ciwdei simulation
2: Multiple simulation runs with a range of values
3: Blood lead versus media with a range of values
< {ultiple simulation runs with batch input (input data file for each child
.t household)
R: Retumn to Main Menu

3. Output Processing Meau
l: Save program parameters to file
2: Plot graphs of blood lead distributions
R: Retum to Main Menu

4. Help Meau
1: Geaenal information
2: Iaformation about menus plus help in other menus
R: Returm to Main Menu

5. Quit
Q: Retum to DOS prompt.
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Screen 2-1. The main menu.

We will briefly discuss the options in each of the input menus. Scientific justifications
for the options and guidance values are provided in Section 2.3.
2.2 DETAILED DESCRIPTION OF MENUS
2.2.1 Help Menu (4)
2.2.1.1 General Help (1)
The General Help meau provides on-line information on the data or parameter entry

menus, menu selections for running single or multiple model simulations, and use ui
keyboard keys. This information is shown in Screen 2-2.
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Screen 2-2. The general help menu.

2.2.1.2 Information Menu (2)

The Information Menu provides on-line information on the parameter save and load file
options, on multiple-run and output processing meaus. The information is presented here in
Screen 2-3.

2.2.1.3 Other On-Line Help Menus
Most menu screeas contain additional information oa the lower part of the screen.
Additional information screens are available on specific meau optiouns.

2.2.2 Parameter Input Menus

2.2.2.1 AirLead (1)

The Air Lead input parameter menu is showa in Screen 2-4 and schematically in
Figure 2-2. The air lead concentration is set initially to a typical 1993 urban value of
0.1 ug/m’ (U.S. Environmeatal Protection Agency, 1991c). It is assumed that the indoor air

24
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Screen 2-3. The information menu.
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Screen 2-4. The air lead menu.
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Figure 2-2. Dccﬂmﬁgrmfw&oakhdﬁm.

lead concentration is 30% of the outdoor concentration (i.e., 0.03 ug/m’) initially. The time
speat outdoors and ventilation rate are assumed to depend on the child’s age. These
parameters allow a time-weighted air lead intake to be calculated; 32% of that intake is
absorbed through the lungs into the child’s blood. All parameters except the indoot/outdoor
air lead concentration ratio may be changed by eatering YES in the first line. Some are
age-specific values.
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2.2.2.2 Dietary Lead (2)

The Dietary Lead input parameter menu is shown in Screen 2-5 and schematically in
Figure 2-3. The daily dietary lead intake values for each age apply to a typical U.S. child in
a typical setting in the United States after 1990. These dietary lead values may be altered by
entering YES to the query "View/Change Dietary Pb Intake?" During the period 1982-1989
there was a distinct reduction in food lead generally attributed to the replacement of lead-
soldered cans and the removal of lead from gasoline. Since 1990. food lead in U S.
supermarket food has remained relatively constant. Dietary lead ingestion for years prior to
1990 are given in Section 2.3.2.

Prowe ol trer:
" fer @

sofault valuse (in u) Myasy) ore §.63, $.70, 0.90, 8.2,

The pregres
6.01, .90, 1.08 for Ww reapEntive yawrly poriems.

If the dietary lead sources are non-standard, usually because of suspected contamination
of fruits, vegetables, fish and meat raised locally or otherwise lead-contaminated, the user
can enter specific values by responding YES to the query, "Use Alternate Diet values?” This
invokes the alternative menu showa in Screen 2-6.
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Figure 2-3. Decision diagram for the dietary lead menu options.

2.2.2.3 Drimking Water Lead (3)

The Water Lead input parameter menu is shown in Screea 2-7 and schematically in
Figure 2-4. The water lead concentration is set initially to a typical 1990 urban value of
4 ug/L (Marcus and Holtzman, 1990). The age-specific ingestion of tap water is described
in Section 2.3.3.2. Consumption may be modified by respoanding YES to “View/Change
Drinking Water Intake?" and eatering new values, as shown on Screea 2-8.

Alternative information may be available in the form of measured lead concentration
and percentage of tap water intake from water fountains or other outside sources, and water
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Screen 2-7. The drinking water lead main menu.



Figure 2-4. mmkmm'ﬁuﬁwmm.

consumed at home in first-draw or ~ushed modes. This may be eatered by responding YES
to "Use Alternate Water Values?®

2.2.2.4 Soil and Dust Lead ()

The Soil and Dust Lead input parameter menu is shown in Screen 2-9 and schematically
in Figure 2-5. The soil and dust lead concentrations are set initially to a value of 200 ug/g.
The age-specific ingestion intake of soil and dust combined was estimated from the
EPA/OAQPS staff paper on Exposure Assessment Methodology and Validation for the first
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Screen 2-8. The age-specific drinking water consumption meau.

Screen 2-9. The-s0il and dust main menu.
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Figure 2-S. Declsion diagram fer the soil/dust lead menu options.

version of ws UBK model (U.S. Environmental Protection Ageacy, 1989s). Both
concentratioa aad intake may be modified by the user.

As shown in Screea 2-9, both s0il lead and dust lead concentrations may be changed on
a yearly basis by user selection "2°, allowing the user to construct reasonable site-specific
scenarios.

The multiple-source option (*3°) on the dust entry line allows the user to use |
information about the contribution of soil lead, air lead, and other sources to housebold dust
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lead. The Data Entry Screen for the Multiple Source Analysis (Screen 2-10) has three daw
entry lines. The first line is the fracfion of the soil lead concentrarion that coatributes to the
concentration of lead in household dust. If there were no other sources, this would be the
ratio of the dust lead concentration to the soil lead concentration. The current default value
of 0.70 is appropriate to neighborhoods or residences in which loose particles of surface soil
are readily transported into the house. The second data eatry line is the contribution to
household dust from the deposition of airborne lead, over and above the soil lead
contribution. The current default value is an additive incremeat of 100 ug/g lead in house
dust for each ug Pb/m’ air.

0L @O
Leal 1N NOUEFrS LS @8t 10 UBSlly eanriesd of N frem el e o

sreerve fallout apsress. Other anrese. ash @ N-Saas psints N B
FEED, QSR 8100 SEMTIIIE 8 M ' rEABURld ONL.

Emtor Ww frestion of "aerwld et Tet e fras el
™e prapra efault is *<-> 0. 20 (g M/g ast por W My eeil).

Screen 2-10. The muitiple dust source meau.

The third line asks whether the user wants to add other sources. If "Yes", thuu we
Multiple Source Analysis Screen is replaced by the Alternative Indoor Dust Botry screea
(Screen 2-11). The user may assign both the concentration and percentage of dust intake to
baseline household dust, secondary occupational dust, dust at school, daycare, or second
home, and the exposure to lead in dust from household paint measured as a perceatage of
total dust ingestion and :is coacentration. The default dust lead concentration in the
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Screen 2-11. The alternative indoor dust menu.

Alternative Indoor Dust Entry screea is 100% of houssbold dust at 150 ug/g. If the
Alternative Source Analysis is not used, thea the default dust coatribution coasists of 70% of
the soil concentration plus 100 Yliaes the air lead concentration. For dafmult conditions, the
total dust lead concentration equals 150 ug/g.

If non-residential exposures to soil/dust are important, the user may access the multiple
non-resideatial source menu.

The combined soil/dust ingestion rate (grams total s0il + dust per day) can be changed
from the current default values in Screen 2-12.

2.2.2.5 Alternate Source (5)

The alternate exposure source memu is shown in Screen 2-13 and schematically in
Figure 2-6. The default daily lead intake value for each age is set to O ug Pb/day. The user
has the option to input any source pot otherwise covered by other meaus. Examples might
be the direct ingestion of lead-based paint, cosmetics or home remedies. In this case, the
amount of lead per day needs to be calculated from the information available. If the
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Screen 2-13. The alternate lead source menu.
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Figure 2-6. Decision diagram for the alternate lead ssurce menu options.

altemative sgurce is lead-based paint (LBP), this exposure would be in addition to exposure
to lead-based paint in house dust, which is Option 4 ia the mulktiple source meau of soil and
dust. SeeSeedond.‘I.lhammumhamhmmofﬂnmddfmpdntchips.

Building an exposure scenario using this option should be done with care. The model
assumes all entries represent chronic exposure. In the example above, the child would
require immediate medical atteation. Remember that the model output represents oaly those
children defined by the exposure scenario.
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2.2.2.6 Bioavailability of Lead in Food, Drinking Water, Soil, and Dust

Bioavailability or absorption of intake from the gut or lung into the blood is a ke
element in relating external exposure to body burden. Lead intake from media with low
bioavailability poses much less of a hazard than does the same intake from media with high
bioavailability. The bioavailability of lead from normal infant diet is known to be very high
(Alexander et al., 1974a,b; Ziegler et al., 1978; Ryu et al., 1983), with at least 40 to 50%
of the dietary lead intake passing into the child's blood. See Section 4.1 for a discussion of
bioavailability.

The main functions of the bioavailability meau are shown in Figure 2-7. The model
calculates lead absorption from the gut as a function of two componeats. The passive
component does not depend on lead concentration in the gut and is not saturable. The
facilitated or active component may become saturated when the total concentration of lead in
the gut from total gut intake by all media is sufficieatly large, which is a kinetically
non-linear absorption mechanism. The data entry Screen 2-14 allows the user to specify the
parameters for intake from soil, dust, drinking water, diet, and alternate sources. The total
absorption percentage is the sum of the passive and facilitated absorption components. The
default value of absorption for alternate sources is 0%, which requires that the user must
enter the bioavailibilty of any specific itermative source, such as lead-based paint.

The total absorption fmm'any medium is then divided into two componeants, and the
user specifies a small fraction of the total absorption percent for the passive or non-saturable
(i.e., high-dose) component. The default is 20% of the total available for absorption. The
percentage absorption in the larger saturable component is the remainder of the total
available for absorption. For example, with a dietary lead intake of S0%, the absorption
fraction for the passive componsnt is 20% of 50%, or 10% of dietary lead intake, and the
saturable component is 80% of 30%, or 40% of dietary lead intake.

2.2.2.7 Maternal-Fetal Lead Exposure (6)

The maternal lead exposure input parameter meau is shown in Screea 2-15. The lead is
transferred from the mother t0 the fetus in wero. The lead that is stored in the tissues of the
newborn child is calculated by entering the maternal blood lead value at birth (default =
2.5 ug/dL). The IEUBK model assumes that the infant’s blood lead at birth is a fraction of
the maternal blood lead level, and the amounts of lead in the blood and other tissues in the
newborn infant are calculated 30 as to be consistent with concentration ratios observed in
autopsies of newborn infants (Barry, 1981).
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Figure 2-7. Decision diagram for the absorption/bicavailability menu options.

2.2.2.8 Save and Lead Options

If the user wishes to use a certain set of model parameters as the starting point for
another analysis, the parameter set created from use of Options 1 through 6 should be saved
using the "S" optica on the output menu accessed from the main menu, or the F6 optioa on
any of the parameter input mesus. The user may create an 8-character or shorter same for
the file, which will be stored in the form [NAME].SV3. If a saved parameter set is needed
later, it may be loaded from the "L* option on the Parameter Input Menu.
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Screen 2-14. The absorption/bioavailability menu.
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Screen 2-15. The maternal/fetal lead exposure menu.
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2.2.3 Computation Menu

2.2.3.1 Run a Single Simulation of the Model (1)

The meaus for the Rua command are showa in Screen 2-16. This option uses only the
currently loaded parameter set. The user may view or change the time step for the
numerical iteration. The default is four hours. We recommend setting the iteration time to
the lowest conveaieat selection, and verifying all "important® solutions by rerunning the
model with the shortest possible time step (currently 15 min). Aa output option (Option 2)
allows plotting of results and calculation of probability of elevated blood lead.

e eolent. grous mamer (o0 lotter) of walewtion R use
e tEyS to Righlight eslentisn oW Sress FetN.

Screen 2-16. Single sinmistion using the program processing memu.

L

2.2.3.2 Run Multipls Skmmulations of the Model for a Range of Medla Lead (2)

The menus for the Multiple Run command are shown in Screen 2-17 and schematically
in Figure 2-8. More detailed menns for range selection and output are shown in
Screens 2-18 and 2-19. This option uses only the currently loaded parameter set, except that
it repeats the run for each new value of a medium concentration (e.§., soil lead
concentration) or intake (dietary lead as ug Pb per day). The user may view or change the
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Screen 2-17. Multiple simulation using the program processing meau.

time step for the aumerical iteration during the run step. We recommend verifying all of the
"important” solutions by rerunning the model with the shortest possible time step (curreatly
15 min). Since only one medium can be changed in each use of the "2" option, the user who
wants to look at a range of 30il lead values should use the Multiple Source Dust option "3"
and a user-specified dust lead to 30il lead conceatration ratio. Output data for plotting, with
overlays of resuits at each conceatration in the range, may be saved when the user creates
RANGEZS.LAY files.

2.2.3.3 Muitiple Simulation Runs of a vV _ium To Find Concentration of Lead in the
Moedium That Producss a Specified Blood Lead (3)

This option is similar 00 Option 2. The menus for the Multiple Run command are
shown in Screen 2-20 and schematically in Figure 2-8. This option uses ouly the curreatly
loaded parameter set, except that it repeats the run for each new value of a medium
conceatration (e.g., soil lead coacentration) or intake (dietary lead as ug Pb per day) unul
the specified age-depeadent geometric mean blood lead level is achieved exacrly by that
concentration.
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Figure 2-8. Decision diagram for the muitiple simuistion menu options.

Since oaly cns medium can be changec' “a each use of the Multiple Simulatioa Run “3"
option, the user who wants to look at a range of soil lead valves should use the Multiple
Source Dust option *3° and a user-specified dust lead 10 s0il lead conceatration ratio. Output
data for plotting may be saved when the user creates *.PBM files.

2.2.3.4 Batch Mode Muitiple Simulation Runs Using Input Data Files (4)

This option is similar to Option 2. The meaus for the Batch Mode Run command are
shown in Screea 2-21 and schematically in Figure 2-9. This option uses the curreatly loaded
default parameter set, but repeats the run for using the new values for the five exposure
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predetermined blood lead concentration.

Screen 2-21. Runnirg ke model in batch mode.
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Figure 2-9. Decision diagram for the batch mode menu options.

parameters (soil concentration, dust concentration, drinking water concentration, air
concentration and alternate source consumption) for each child in the data set. The input
data are entered one line at a time from a data set with a specified list of input variables.
These must be created by the user in a special *. DAT file in the Lead Model directory.

Each line of data may include:

The child code or case;
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The “family” identifier for individuals at the same living unit;
An area, block, or neighbo.rhood identifier;
Each line of data must include:
The child’s age, in months, as of the end of the data collection period;

The soil lead concentration, in ug/g;
The house dust lead concentration, in ug/g;

The drinking water lead conceantration, in ug/L;

The air lead concentration, in pg/m3 ;

The alternate source intake rate, in ug/day;

The child’s blood lead level at specified age, in ug/dL.

The child’s age must be entered. Either a soil lead or 3 dust lead value is needed for the
simulation, along with a stand-in value (imputation rule) if one of them is missing (for
example, if the user does not fill in missing dust lead values, the current default is to replace
a missing dust lead concentration by the soil lead concentration). The user may prefer to
create an input data file with missing dust lead concentrations replaced by some fraction of
the soil lead concentration. Missing values of air, water, and alternate lead are replaced by
default values. If there is no actual child blood lead data, then Option 1 produces output data
sets with *. ASC and *.TXT extensions that coatain all of the input data, including imputed
values, and predicted blood lead levels for each line of data.

The batch mode option can be used to perform statistical analyses of simulated
community biood lead distributions, evea without observed blood lead levels (for example, if
an investigasor has carried out a muitimedia eavironamental lead study at a site, without blood
lead data being collected). However, this optioa will be even more useful if blood lead data
from a well-conducted study are available for model comparisons using statistical tests in
Option 5. Output data files may be reviewed using Option 2, as demoastrated in later
sections.

2.2.3.5 Statistical Analyses of Batch Mode Data Sets (4)
A set of statistical procedures for analyzing batch mode data sets exists as a separate
module in the [EUBK Lead Model. Although the Option 1 data sets can be edited and used
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in any other statistical programs the user may have available, we have included in QOpuon §
some of the most commonly used statistics, statistical hypothesis tests, and graphical data
displays for comparing observed and modelled blood lead levels. We recommend using a
variety of graphical and statistical techniques in evaluating the output of Batck Mode model
runs. This will also be demonstrated in Section §.

.2.3 BUILDING AN EXPOSURE SCENARIO
2.3.1 Air Lead Menu

2.3.1.1 Default Air Lead Exposure Parameters
The default air lead conceatration is 0.1 ug/m’, which is approximately the average
1990 urban air lead concentration (U.S. Environmental Protection Agency, 1991b). During
the period 1970-90, ambient air lead concentrations dropped drastically in the United States
due to the phasedown of lead in gasoline (Figure 2-10). When adequate monitoring data
exist to define conceatrations higher or lower than the default outdoor lead conceatrations,
“these should be used. Curreat air lead levels are low in most places in the United States,
and do not require year-to-year specification. Elevated air lead levels have been reported
around some point sources in the United States and Europe (Davis and Jamall, 1991) and
lead modeling for changes in these sources requires year-by-year input data.

A constant air lead value larger than 0.1 p;lm3mybeapptopﬁmformment at
locations in the vicinity of active point sources of lead emissions such as lead smelters or
battery plants. In such cases, an appropriate estimate of annual average air lead
concentration must be available.

An example of a striking increase over time was the air lead levels in Kellogg/Silver
Valley, Idaho, following a September 1973 baghouse fire. These levels remained elevated
for a sufficiently long time such that the use of these values in predicting blood lead
conceatrations for 1974-197$ from the Lead Model was justified (Ageacy for Toxic
Substances and Disease Registry, 1988).

2.3.1.2 Ventilation Rate
The intake of air increases from infancy to aduithood. The range of values for child
ventilation rates was established by EPA (U.S. Eavironmental Protection Agency, 198%) as
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Figure 2-10. Historical relationship betwesn lead in gasoline and lead in air in the
United States.

Source: U.S. Eavironmental Protection Agency (1986), with updating.

2103 m’dayatage 0to 1 years, 3t0 S m*/day at age 1, 4 to 5 m’/day at ages 2 and 3,
5to7m’ldayatags4and$,m46to8mjlhyange6. The Lead Model uses midrange
values of 2, 3, 5, and 7 m’/day at ages O+, 1, 2 t0 4, and S to 7 respectively. Children
who exercise more than sverage will have s correspondingly greater intake, and those who
are very inactive will have a lower ventilation rate. The higher intakes may be useful in
modeling children who spend time at playgrounds or outdoor play areas near an air lead
source. Changes in activity pattern can change ventilation rate in a child or in a
neighborhood. .

2.3.1.3 Indeer/Outdoer Activity Patterns

The range of values for outdoor time was established by BEPA (U.S. Eavironmental
Protection Agency, 19893) as 1 to 2 b/day in the first year of life, I to 3 hatage 1, 2to 4 h
at age 2, and 2 to 5 b/day from ages 3 to 7. The default values in the Lead Model are 1, 2,
3, and 4 h/day at ages 0+, 1, 2, and 3+, respectively, roughly at the middle of these
ranges. The outdoor air lead concentration provides a large past of the total air lead
exposure, because the indoor air lead concentration is typically only about 30% of the
outdoor concentration {U.S. Eavironmental Protection Agency, 1986). Site-to-site
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differences may exist due to natural ventilation, climate, season, family activity. and
community access to outdoor play activities.

2.3.1.4 Lung Absorption

The range of values for child lung absorption was established by EPA (U.S.
Environmntal Protection Agency, 1989a) as 25 to 45% for young children living in non-point
source areas, and 42% for those living near point sources. The default value used in the
Lead Model is 32%. Changes in the source of airbome particulates may also affect lung
absorption. No quantitative recommendations can be made.

EXAMPLE 2-1: Characterizing Effects of Air Lead Phasedown on Inhalation Intake

If the Lead Model were to be used to estimate blood levels of children living in an
urban area in previous decades, when the predominant sources of-lead exposure for many
_U.S. childrea were air lead from combustion of leaded gasoline and dietary lead from lead-
. soldered food cans, it would necessary to use community air lead levels during that period of
tir.s. Rcpreseatative values of air lead concentrations were presented in the EPA Air Quality
. Criteria Document for Lead (U.S. Environmental Protection Agency, 1986, Chapter 7,
Table 7-2) for urban ceater or suburban locations in nine metropolitan areas for 1970 through
1984. The reductions in air lead from 1977 through 1988 attributable to the phasedown of
leaded gasoline are quite evident in both urban centers and suburban areas. For example, for
a retrospective estimate of blood lead levels in children in 1981, one would need to start with
1975 air lead levels to include prenatal exposure of children up to age 7 in 1981.
Figure 2-10 shows that air lesd exposure in 1981 would be at 0.48 xg/m’, and s0 on. Fora
5-year old child in 1981, air lead exposure, at age 0+ in 1975 is 1.2 ug/m’, and so on.
This adjustment in air lead conceatration does not estimate the indirect effects of air lead
changes on blood lead through gradual changes in soil and dust lead. This example is
generic, not site-specific, however. The air lead data entry screea for children bom in 1975
is shown in Screea 2-22.

2.3.2 Dietary Lead Menu

2.3.2.1 Total Dietary Lead Exposure
Data assembled from a variety of sources, including Market Basket Surveys

(Peanington, 1983) and representing changes in consumer behavior over time, were used to
construct dietary lead intake estimates as described in Chapter 7 of the EPA Air Quality
Criteria Documeat for Lead (U.S. Environmeatal Protection Ageacy, 1986). The method is
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Screen 2-22. Data entry for air. The user may input data from historical records of air
lead concentrations on this screen.

based on U.S. FDA Market Basket samples in 231 food categories and has been updated to
1988 (U.S. Environmental Protection Agency, 1989a). Because two major sources of lead in
food (lead-soldered cans and air deposition on food crops) bave been greatly reduced or
eliminated, dietary lead is believed to be relatively coastant since 1990, especially for
children under seven years.

Table 2-1 shows how estimated mean dietary lead intake depends on the child's age,
and that this intake has changed very drastically with the near-elimination of lead solder from
food cans and other food packaging in the United States since the 1970s. Where site-specific
dietary levels are not available, it is recommended that the vaiues from Table 2-1 be used for
the appropriate years and ages, and that the most recent values (1988) be assumed for all
future years. Seasonal effects are omitted bere since the Lead Model uses annual values for
dietary exposure parameters. For alternate exposure scenarios with seasonal intakes, the user
may need to calculate time-weighted annual averages from seasonal data.

If the Lead Model is used in connection with historical exposures, for such purposes as
model validation or retrospective dose recoastruction, the dietary intake data should be
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TABLE 2-1. DIETARY LEAD INTAKE (ug/day) FOR U.S. CHILDREN BY

AGE, FOR EACH YEAR FROM 1978 TO PRESENT
S R R

Age

611 Mo | Year 2Years 3 Years 4 Years 5 Years 6 Years
1978! NE 45.8 52.9 52.7 52.7 55.6 NE
1979! NE 41.2 48.0 47.8 47.8 50.3 NE
1980* NE 31.4 36.9 36.9 36.9 38.7 NE
1981" NE 28.3 33.8 33.7 36.8 35.8 NE
1982° 19.2 250 215 274 212 286 316
1983? 14.4 183 219 214 211 223 248
19842 19.0 2.7 264 260 257 271 299
19852 10.2 106 123 19 1.8 124 136
1986 7.9 8.2 9.4 9.1 8.9 9.4 103
1987-Present’ 5.8 ‘5.8 6.5 6.2 6.0 63 7.0

NOTES: NE = Not estimated.

1 = Estimated by J. Coben and D. Sledge, Table A-2 (U.S. Eaviroameatal Protaction Agency.
198%).

2 = U.S. Environments' Prciaction Agency (1986), updated with data from the FDA Market
Basket Survey.

3 = Avenage of 1986 Q4 through 1988 Q3. Further dacreases ia food lead concentrations since
1987 are belisved to be negligible.

* = Linear extrapolation betwesn 1985 and 1987.

adjusted to the year whea the data were collected. For prediction in future years, the most
recent default value for each age may be used.

 23.22  Distary Lead Exposure by Additional Pathways

For some children, there are important dietary lead sources that are not characterized
by the FDA Market Basket Survey data summarized in Table 2-1. Child-specific or site
specific data will be needed to verify these alternative dietary lead sources. Local sources of
fruit and vegetables are used in many small towns and in rural aress. Some individuals
obtain much of their produce from their own gardens. If the local or home-grown produce is
grown in soils with high concestrations of lead, or if the edible leafy portions are
contaminated by airborne lead particles, then some fraction of the environmental lead may be
added to the child's diet. The additional intake of lead in diet may become important if the
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environmental lead concentrations are sufficiently high. This was important in evaluating the
Bunker Hill Superfund site in Kellogg ID and was included in the Risk Assessment Data
Evaluation Report (the "RADER") prepared by EPA (U.S. Environmental Protection
Agency, 1990c). Additional pathways of dietary lead exposure are discussed in

Example 2-2.

g

Dietary lead exposure is the product of the amount of food consumed in each category
and the concentration of lead in the food item. Normal intakes are reported by Pennington
(1983). To adjust for home gardens, a fraction of this intake may be allocated by the
Alternate Diet Entry Menu to local produce, and the rest to Market Basket produce that is
not grown locally.

Local game animals feeding on plants contaminated by lead in soil may also have
elevated lead concentrations. Lead contamination of rivers and lakes by deposition and by
erosion of leaded soils may also increase lead concentrations in local fish. Some rural
families may use hunting and fishing as a sigunificant supplement or even as their primary
source of animal protein. See Baes et al. (1984) for a compreheasive approach to estimating
pathways of trace elements in the food chain. A fraction of the meat and fish intake may be
allocated by the Alternate Diet Entry Meau to local game and fish.

Other consumer products may have nontrivial potential for dietary lead exposure.
These include lead-glazed or soldered cooking and food preparation uteasils, ethnic or
regional preferences for food products with high lead content, and the use of oral ethnic
medicines such as "empacho” or "azarcon” that have high concentrations of lead and are
known to have caused cases of acute lead poisoning in children (Trotter, 1990; Sawyer et ai..
1985). No genenal recommendations about parameter values for these sources of lead can be
made at this time. Approximate intake for oral medicines may be estimated from
recommended or customary doses for young children.

EXAMPLE 2-2: Characterizing Indirect Distary Lead Intakes for an Old _ead Smelter
Community

Some data from the Human Health Risk Assessment (Jacobs Engineering, 1989) and the
RADER for Kellogg ID may be useful (U.S. Eavironmental Protection Ageacy, 1990c).
Table 2-2 shows that a large perceatage of the population uses local produce, that the use of
local produce increases toward the more rural Pineburst area but the lead concentration
decreases, and that the lead levels in local produce in 1983 were enormously higher than in
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TABLE 2-2. ESTIMATES OF LEAD INTAKE FROM CONSUMPTION OF LOCAL
PRODUCE BY CHILDREN, AGES 2 TO 6 YEARS, IN KELLOGG, IDAHO
o sy gy

Consumption (g/day) Concentration (ug/g wet wt.) [ntake (ug/day:
Perceat Using Number of s

Area Local Producs Gardens  Leafy Root’ Leafy Root lo Summer
Smelterville 6% 2 25 15 6.1 4.5 20
Kellogg 36% 17 28 15 617 45" 2207
Pinehurst 4% 20 25 15 1S 2.2 121
National
Market - - 25 15 0.017 0.041 1
Basket

IR AR

NOTES: 'Leafy vegetables are lettuce and spinach. Root vegetables are carrots and beets.
:'_Avcnge of Kellogg and Smeslterville.
Annual average is 1/4 of this.

Source: RADER Tables 5-8 and 54 (U.S. Enviroamental Protection Agency, 1990).
Jacobs Engineering (1988) Table 7-16.

the National Market Basket samples for the same period (1982 to 1984). The calculated
increment of daily dietary lead intake during the summer months was 220 ug/day in the
report. However, for the purposes of this example, we will assume that this rotal
consumption occurs over the course of the year and includes fresh as well as rrozen or
canned produce to give an anmual sverage increment of 55 ug/day.

Table 2-3 shows that the lead conceatration in fish in nearby Lake Coeur d'Alene in
1985 was much higher than in the Columbia River and higher than fish at the average
National Pesticide Mouitoring Station lead concentration for 1976/1977. A moderate rate of
consumption is two 2-oz fish portions per week, or 114 g/week = 16 g/day on average. The
incremental intake from local fish is equal to the concentration difference, 0.80 to
0.34 = 0.46 ug/g times 16 g/day = 7.5 ug/day.

Screea 2-23 shows dietary lo . intakes for a typical child born in 1983, and
Screen 2-24 shows the extra exposure for intake from cootaminated fish.

2.3.3 Drinking Water Lead Exposure Menu

2.3.3.1 Drinking Water Lead Defauilt Exposure Parameters

Water sampling methods may be as first draw standing samples, partially flushed
samples, or fully flushed <amples. The highest lead concentrations at the tap are usually
obtained for lead pipes, lead-alloy solder on copper pipes, or lead-alloy brass faucets and
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TABLE 2-3. ESTIMATES OF LEAD INTAKE FROM CONSUMPTION OF LOCAL
FISH BY CHILDREN, AGES 2 TO 6 YEARS, IN KELLOGG, IDAHO

Concentration Fish Coasumption Lead Intake

Source (ug/g wet wt.) (g/day) (ug/day)
Lake Coeur d'Alene

(1985) 0.80 16 13.0
Columbia River

(1986) 0.34 16 5.5
National Pesticide

Monitoring Stations

(1976-1977 August) 0.34 16 5.5
e S E— "

NOTES: :‘_I\vo-wnce portions, twice s week.
For annual average, multiply by fraction of year whea local fish are coosumed.

Source: RADER Tables 5-8 and 54 (U.S. Eavironmental Protection Ageacy, 1990).
Jacobs Engineering (1989) Tabie 7-16.

o,
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Screen 23. Using dietary lead intake for a child born in 1983 (see Example 2-2).
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- Screen 24. Using dietary intake from local vegetables and fish in Kellogg (see
Example 2-2).

firtings in contact with corrosive water for several hours. The new EPA National Primary
-Drinking Water Regulation for Lead (NPDWR) requires public water systems to collect first
draw samples, standing a minimum of 6 h, from a sampie of homes targeted as potentially at
risk. Water lead concentrations can be significantly different for different sampling
protocols, depending on the sources of lead in water drawn through the tap. First draw
samples generally have higher lead concentrations than flushed samples. The typical effects
of different water sampling procedures are discussed in the Sampling Manual that is to
accompany this model.

Drinking water lead concentrations in the Lead Mode. are held coastant during the
entire seven years of the child’s exposure. In the Case Studies below, household-specific
water lead concentrations are used. If no household-specific or relevant community water
lead data are available, we recommend using the default value of 4 ug/L.

If a substantial fraction of the child's activity is spent outside the home, it may be

useful to separate drinking water exposure into primary residence and secondary residence or
daycare. A large number of U.S. children spead time during the weekday at daycare centers
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or secondary residences. If adults and older children ia the household are either at work or
at school during the day, there may be two stagnation periods for drinking water during the
day—overnight, and midday. In this case, a larger fraction of the child’s water lead
exposure can cccur at the higher “first-draw" concentrations. Some exposure scenarios are
discussed by Marcus (1991) in evaluating the risk from lead leached out of newly installed
orass faucets. The default scenario is defined by setting 50% of the child's water intake to
household first-draw consumption. The remaining intake coasists of partially flushed intake
inside the home (35%) and water consumed outside the home (15%). The total intake of
lead in drinking water would then be:

POW = G.5 < PbW (first draw) + 0.35 x PbW (flushed) + 0.15 x PbW (fountain).

There is no general rule for estimating the amount of water ingested from water coolers
in day care centers or other non-home locations. Since the child's activities outside the home
are likely to be different than inside the home, it is unlikely that the ratio of non-home to
home water intake is proportional to the amouat of time speat away from the home versus at
home. Two drinks per day, each about 60 mL (2 oz) or 120 mL, is a reasonable upper limit
for day care intake. The default is 15% of the daily tap water intake, which ranges from
75 mL at age | year to 90 mL at age 6 years.

2.3.3.2 Alternate Drinking Water Exposure by Age

The default values in the IEUBK model (Table 2-4) are taken from the U.S. EPA
Exposure Factors Handbook (U.S. Eavironmental Protection Ageacy, 1989¢). A survey of
drinking water consumptioa in U.S. childrea was reported by Ershow and Caator (1989) in a
study for the National Cancer Institute. These values have been smoothed and disaggregated
into yearly values shown in Table 2-4. The range of values from the Ershow-Cantor data in
Table 2-5 show that the default values for the [EUBK model are similar to but somewhat
lower than the median values, but also contain information about the perceatiles of the
distribution of tap water intake, about gender differences in intake and other factors that you
may find useful. A plausible »cenario for elevated exposure to lead in drinking water would
be to use larger tap water intakes, such as the 90th perceatile values in Table 2-5. Note that
for children receiving formula recoastituted with tap water, consumption of tap water wouid
be much higher, perhaps closer to one liter per day. In an assessment addressing risks from
lead in drinking water, the exposure to infants consuming reconstituted formula requires
specific attention.
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TABLE 2-4. AVERAGE DAILY WATER INTAKE IN U.S. CHILDREN

" U.S. Eavironmental Protection Ageacy Exposure Factors Handbook (1989¢).

Ershow-Cantor Study [EUBK Model™'
Total (L/day) Tap (L/day) Tap
Age Water Intake
Age (Months) M F M (Mgo) (Liday)
0-5 0.992 1.035 0.250 0.293 0-5 0.20
6-11 1.277  1.238 0.322 0.333 6-11 0.20
12-23 0.50
24-35 0.52
12-47 1.409 1.300 0.683 0.606 3647 0.53
48-59 0.55
60-71 0.58
48-84 1.551 1.488 0.773  0.709 72-84 0.59
_ “Ersbow and Cantor (1989).

TABLE 2-5. TAP WATER INTAKE (L/day) BY AGE CATEGORY

Age Category Percentiles
(Moanths) Mean 10 50 Median) 90
0-5 0.27 0 0.24 0.64
6-11 0.33 0 0.27 0.69
12-47 0.65 0.24 0.57 1.16
— 48 - 84 0.;74 0.30 0.66 1.30

Sourcs: Table 2-S, Ershow aad Caator (1989).

2.3.4 Soil/Dust Lead Exposure Menu
One of the most important uses of the [EUBK model is to compare risks among
alternative soil lead and dust lead exposure scenarios. Many of these scenarios arise in
assessing exposure reduction strategies. For example, in evaluating soil lead abatement at a
particular residential yard, we might be interested in the following sequence of comparisoas:

(1) Calculate the risk of an elevated blood lead level for the preseat soil and
dust lead levels;
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(2) Calculate the risk of an elevated blood lead level for the replacement of
soil lead with soil having a lower lead concentration, along with cleaning
up household dust;

The first scenario describes risk to occupants with present exposure levels. The second
scenario describes risk to occupants in the distant future after lower new lead levels have
been achieved by abatement. The IEUBK model can accept input data describing both of
these exposure scenarios.

2.3.4.1 Soil and Dust Lead Default Exposure Parameters

The natural concentration of lead in soil, from weathering of crustal materials, is
estimated as about 10 to 25 ug/g. A plausible urban background is 75 to 200 ug/g (U.S.
Eavironmental Protection Agency, 1989a; HUD, 1990).

- It is expected that lead concentrations in undisturbed soils may persist for many
thousands of years. However, urban areas are hardly undisturbed environments and available
data (von Lindem, 1991; Jacobs Engineering, 1990) suggest that near-surface soil lead
concentrations may decrease by a few percent over a decade or so. It is usually adequate to
assume a constant soil lead concentration unless soil abatement is included in the exposure
scenario.

It is also possible that the soil becomes recontaminated over time, for example if
surface soil is abated and then is recontaminated by ongoing atmospheric lead deposition
from non-abated sites near by or by contamination from deteriorating exterior lead-based
paint. Changes in soil concentration can be incorporated on an annual basis in developing
the exposure scenario. This is dooe with the Option "2" on the Soil/Dust Data Entry Menu.

2.3.4.2 [Expesure to Soll and Dust

The defank value for total intake of soil and dust depends on age, and ranges from
85 to 135 mg/day. These values are within the ranges identified in the OAQPS staff paper
that supported the first UBK model and have beea reviewed by the EPA Clean Air Science
Advisory Committee. Recent investigations by Binder et al. (1986), Clausing et al. (1987,
Calabrese et al. (1989, 1991b), van Wijnen et al. (1990), and Davis et al. (1990) apply the
trace element approach to quantify ingestion rate. These investigations currently coastitute
the most appropriate basis for estimating the quantity of soil ingested. The results are
summarized in Table 2-6. The van Wijnen et al. data are discussed in Section 2.3.4.4. It is
likely that the intake rate depends on the child's age, activity pattern, and the total
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TABLE 2-6. DAILY INTAKE OF SOIL AND DUST ESTIMATED FROM
ELEMENTAL ABUNDANCES

T T
Soil/Dust Intake, mg/day

Study Element Median Mean Maximum
Davis et al. (1991)